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THE N.+TURE OF RADIO.$CI’IVEF.Wi”UT AA’D ITS
EFFECTS ON JI.4N

MGNDAY, IvIA Y 27, 1957

COXG1:I:SS OF ‘rlIE ~X1”IM ~T.\”I’k3,

S[VXT.\L SL~11c031MmxE ox lbI)I.IIIox OF TIIE

JOIST ~OMY IWI:E ox ATOMIC l; XKI:GY,

ll”usl~jnp~m. l). ~.

1’]Ic spwi:l] slll)co!lll))i[tee n)et, ])ulwl:illt to call, at 10:05 Z-I.III., in
the c:lliclls roolll, Senate oflice IItlil(li]l:. IIon. (’l]rt I1olifiel(l, cl):\ ir-
n)nn of the sukolll]llittce, presiding.

l’rese]lt: ltel)lcs(!~lt:ttives IIo]ifield, l)urhnm (cll:lirn)nn of (I)e .loir)t
Committw), l’rice, Cole, J-an Znn(lt; Sen:ltors .\ II(lCISOI1,J: ILIWIII,

Iiickcnlool)cr, and llricker.

I’resent also: l’rofessional Staff lncll]lwrs, tlillIICS T. Iianley, cxlYll-
ti~e director, George E. Brown ,Jr., I’:Iu1 C. ‘~ol)l[)liins, colwlllt:llit,
:111(1II:Il lIollister, stnfl’ technical fl{lviscr.

l{e])resrl)!ati~w I roLIFIE1.D.T]le comn)ittee vi]] I,e ill older.
‘l[lis is ~]lC op~l]ill~ d:l~ of Pllh]ic ]lCfirill&S 1)~ t]l12 S]) Wifl] slllJ-

cml)miltce on lh(liation of the Joint Col]}lnlttre WI Atoll)ic II IIcIgy
on tile natllrc of r:ltlio:lcti]-e fallmlt n])cl its rlfwt oIl m:Il). ‘J’lle I)ri])):lry
])urpose of tile Lw:lri])g is to bril)g togetl~er ill oIw foulln (Y)I)IIW(C,IIL
scie]ltific ol)il]ioll 011tl)e Yarious m:ljor aslx.(.ts of tllc f:llloll[ [)1’01)1(>111.

:111 ejl’ort II:IS lIeeII IU:I(lC to lIfiIe z Tvrll-t,:ll:l:)t(,{l l)rw,llt:~tiotl, Ivilll
wit]lesscs rcprcse]l tit]: Yarid ])oillts of !ieiv I! i[lli]l llIc s(.i(’]li ilic

con)n]llnity.
It is tile co]nl)]ittee’s intention tllrollyll tl)r pre~enta( ion of cxl)(,lt

~ci~]ltifjc testi])lony, to tr:lce tile fal]ollt cycle fro]]) tile ll)(lll)cllt of (I]e
nllc]c:]r explosion, tllrOIlgll the SCiltt CI”ill~ of ]a(lio:ictil.(~ del)l”is ill tile

:]tn]ospliere, its (l(,,swnt to the ground, an(] [inally its (,ff’ect 011 1111111:111
beings? li~rwto(’k, :in(l a~riculture. I’J:Ic1) of tl)e v:lriolls scientific ar,,:ts

an(l (llscl]) lines involve(] will be consi(lrrr’(] ill w{]ll(,l)(I(J at)(l all :lt -

ten)pt will be I)]:l(le at tlw conclusion of tl)e l)e:lring. to }J1’ill~ tog(’titer,

thro!lgh gei)eral discllssion. some of tl)e n):ljor lmil(ts IIert’lop(ul :lt 11113

he:lrl]]~.5. In p:lrticulat-, tile comnlittee holws to Iw :lI)Ic to deli] l(,:llo

those areas Trllerc we have knowledge froltl tlln-e wl)rl’c JYe Il:ite

litt!c or no I{tlon-lulge, with a view to (Ictcr]))i)iing tl]c areas of re-

se:l rvh }vllicl~ nmxl morc3 intensive effort.

It is not tile l)urpose of the committee. in this set of hcnrings, to

draw :Iny IIIOKII, pol it ica], or phi]osopllical conclusions; nor to get into

Otl I(’r aswcinte(l fie]dsj sucl] ns (lisarmamcllt. N-or is it onr purpose

at Il)is til))r to cover In (Ietflil the question of llazar(ls in connection

Wit]l ]lll(. ](>:lr lK)\Y(>l.[)l:l Ilt S. Or thC JllfItt@I’ Of WOI’kll)Pll’S COlllpCIISat iOIl

for enlplo).cc ra(liat ion h~z:lrcls. TIUXCIsubjects rnigllt more appro-
~)ri:)(e~y ~,~ (:I];CII 111) jI) ~ ~IIl)qIIeIIt Seri(.+ of ]lealin:s.
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19s7, $cfi(’d’?$cPL’.
~LELti:.q v Ilo llns lsccn CXI)OSW1 to tt degree of rdiation proh:~l)ly grwter than.:

C{* ,,.1 ..4’k.- ill)j’ l) CMO1l tll:lt }f’~ liUOIV. JIe IXIS told us the consequences to him of.

II is ov;ll Lm(I.V. Silwo radiation ex])osuro htts been snid to involve a,,\*$cQ.M-4 b ~-L-
qlwt iol] of st~’rility :ilKl so forth, llRless he would rather not ~nswer,.

14&.~~\ TCQ6 1 ,Vo,l]({ ]il<~ to gi,:~ Ilim t],~ ol)p~l.[llniiy of indicating.
R4’w+ ~f~”-+ ])1.. (;it.il 1:s. I ]1:1(1OIIC d:(ughter ]wfol”e t])e acci(lcnt. 1 ]lnve had
)957.3 n (l:lllglltci” :lu~l Son sinm tl)c acci(leut. ‘J’lle dsughtw and son ns far ag

~:~11II? 101(1~1’(,])Qi’fWtl~ 1)0[’111:11liidS. T1’e low them vcqv m~lch.

llcl)resc]it:ltive VAN A.\xoT. From a heredity stau(lpol])t, (10 the
{sl~ow any .cxtraordimwy amount of energy as a result of your brus

witl~ ntomlc energy?
Dr. (ia.~ws. speaking as a parent they m-e very intelljwnt cl~jldren.

ltcl)rcwl~tative llormw,D. ‘1’hank YOU very milch. @r nrxt ~ju

nr.;s is l)r. Iv. W. Kclloqx of the Rtmd Corp. and he wll I sl)wk to us

011 the subject of atmospficric transport, storage, ~nd remo~:ll of par:’
ti(nllate ra(lioactivity. i

h-. Krllogg, how long is your preseilt3tion ?
..

STATEMENT Ol? DR. W. W. KELLOGG, RAND CORP.a -
q

Dr. Ktu,i.om. I IIave a report for the record which is somewl~~t Ion~
and 1 NW not planning to give it all now. It has a I?t of doc\lmen-

tation in it. I WRS going to abstrnct it to the commltttx orally. 1
could do it in 30 or w mmutcs. Is it too late to do that?

Represent at i w I Tor.1 mwn. We will ncccpt your preparccl stntement

for t llc record. 11’e will be glad to have you sulumarizc it.
(Tile statellwnt referred to follows:)

AT5f06PII rxrc TK.LNSPOKT AND CLOSE-IN FALI.OUT OF IL4DIOAC’rIVE DMIRIS .
FiK)M ATOMIC Exmosross

(By Dr. W’illiam W. Kellogg, R.kNu Corporation)

IS TRODLCTION .,

It is well known th:it the mdioacti~-e ctchris from rrn atomic expl,,sion is car-
ried high into the titnwsI)here, rrnd that erenhr:llly all of jt reaches Ille ground,
IIo\rever, tlwre are n mrlety of things which can happen to time Imr[iclca on
their way to gruuud, and their paths can be quite complicutwl. ‘~be lnlr Iwse 0!
the Ijres(wt m]mrt is to dcscribc :Ind docrrrncnt part of this l)r(wws of mdiosctive
fnll(kt.

IU order to lin]it the discussion, fallout here wiR be tnkcn to nmn “rlose-kI
filllllllt,” tbt, f:lllout which Occ’ors tlnriw the first day or two foll~)winx the ex-
plc)sion, rind wilich dcl~osits r:)dioactirity within a fe\v l)rrndrwl miles of ground

-,
a R,,. ” Febmnry 14, 1917, at New York Mills. N. Y. F.ducated : l{rootiri S,, !]ool. Norfb

~,. YNIP University. b~cbe]or of arts, l!XKl ; Utriversi(.v of C:lliforrlill, Berke
.< in 1,1,wirs : l“CI.A. nlnst$.r O( rrr[r+in mct,wr<,l,tc?, 1!)4: ; [“(’l..\. doctOr

. ... .
Ar!d,$v<,r, )IIIS. . . .
If.), zr:)lltl:ift. StIIdII. .
of ptnlmopby III nlrtwlrolotw.]W[). Orcrrwarluna: l’re[] ecbool sriwco t(ncbrr ( Urookn),
I!ln!J-40 : t,w<.binx nsslstrrnt, PIIYSICU. University of Cnlifornin. 1O*O-41 : U. S. Alr Fort%
pilot wwrthcr ot!icrr, wrrrrrate{i with rank of rwtain. ltS414C: reswrcb nm!>tnnt. reueardI
n>.{,,,lnte, and ~lssis!:ilit I,r’ot!,ssrIr (in ~llcrossiou), Iustitute of (;wIIhysl(x. (i(’ l..\, 1:1.1~, 52;
rwwrcb sclrutlst. tile Rrrnri Corrr.. Brmtn Monica, 1947 -rrresvrrt. Arnllfitifrns : Amerl@

)Der atomspbem conlrnlttro) : Amer
Y of SixmrI .S~: memw.

W

>i4,tmrological Soclcty (cornmlttee on admissions, up
tr:, n GeoI, hr’siclll [:nlon (uDDer atmosrrbem committee) : Societ!
SIIf.I, IIrOIIIKi C:Il commit tr?e on the blolox ical effects of utomlc rartlat! on. N1lti<lnnl Acaden
I,r s,i,rl(,~,s-.v({t!,l!lnl Nwwrcb Crmndl : mcmbrr. wrrklwz ~rmt) In lntermll i!lstrunwn~
t](l) of the enrtb R:ltelite procrnm : mc>mber. a,i hoc WIIOI for mmsori!!x r:irfionctlvlt~ h
rrir of tllc (Initv<l Sl:ltes Katfonn[ (’omrnltfw for tile lntrrn.3ti0nal GCOUIIVSICII Year : for
n),.rly mt,mhrr, ul~IIcr nlnlosj~bvrc committee, XACA fuow dv:unct). (Subllll[tcd by wit-
D,, ss, )

RAJ.)lOACTfVE FALLO1

~,r,,, ‘JIII! il~ternwliutc srole of
~,l.jis) :11)(1the World $vidc fnl[ollt

qtll{)o~~ tile purpose iY to to]
.,O be Itlfl(je tO point out the nr{
;. ~ prl J(”(’ss which is tiff,.(:t(.(j I,y
::< rcry II:lturc h(~ll:Ives ill :LII err

ttlt’ ()(1(set that, 1]() l]lntt(, r ho\,
~:,lollt, Ill[,re IvIIuld still Iw on o. ...
: ,, ,,r’(),vws. ‘l’his :Is[wct should
;j~l,l, f(lllfl\$’s.

l) f?SCtlIYTION OF T[l

‘llei’(’ is U funtt:itttelit:ll (]i[r(>r{q
:xwIleIl nt the wmmri and the
; x$211 d(J~S not touch the Krt)uml.
-,5 of surfrrce mrtterinl are broke
:jjs 01:11L’ri:ll r’OUICS In intim;ite

mm, :If(er the rttomic chIud hrs
~;.itcd Irith the explosioo hare SI
5Jlin K t~:l~l~ to tile wound. ‘J’hI’ r,
.:. < downwind which is covt, rd i

,l,tjtnll]iwltrN h.v .atmnic {Iellr is.

III the (“use of an nir burst in
r~rface, tile rrrtliooctive [issiou PI

.]rface nmter ial ; tk.y rwnnin as
:jigltt bL> th(lfl~”ht to be rln oy~~si
i which the fireball never tour]
!Iscri (vI to hare bowl su(.l{e~l Up

, ,,r, io sucjl cases n survey of tl]c.
,Jlollllt (If r:ldiwlctive f:iilollt on f

,VC I){wln rais(xl by the cx[)l<)siou

; fis..i,,o Imodm:ts.
‘TIw exphlmrtioo for this crrriou

? [be \Yay ID which the surfoce t
Jrst.\Vitliin a few SCU)II(IS fr
:Pl)flll develops a toroidnl f,)rm,
.oun(l 1he outside. A[<IsL of the
]t.sh:i[)edregion, trrrd may be t]
e surfs m debris is carried into
II:ISSCS up al(}n~ the nxis of’ II

rw to rnsctrde hncjr (iowrr nrw
rI,IuxlI II]e cloud, it has [mssed a

Xt,tj \vilii it. ]

‘1’llore has not beer] a I!I r~~ Ijllr

rim, n rl{i most of these huye tP

Cllll}{, ntntion {~f (i]~ f:illol~t 11~~

Ilerial came down jn the open o
:tl’ncilic test, ho fvever, a In{.;
,trit, nt[on of the f:illout was 1
,1 ql]:mti tatire (inta 13J)the pal
(S, - A rmrrfllysis of tl]e frnct
t felv horlrlred miles from th,
rkcr,’ Imwd on the ocwm n n(i a
()(w:ir]o~rnl,i]y, the Nnval Rfld

Imratory, the New Yorii O[lerfi

‘wm’:ltorles of the Army Cheuri{
lter, revcn; s that from a lnrge
.IIIIKiIly the first 21 hours; for I
M’tivceu 65 rtnd 70 lmrr’ent. Ar
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~o, The internwdiste scsle OC fallout (Ilmt which occurs in the tlrst few
~~s) al)~l tile world \vld~ fallO1]t w]i[ b,, tr(~:l[(.(l 1)}-~t)l(. rs.
@oil@ the purposo M to tell what \Ye know rrbout f:~llout, an effort will
.0 be IIIIIdC to Point out the ~re:ls of lm~crtnint F In our kno\v ledge. Fnllont

~ prmws wIIicb is nff{>ctcd l~Y many diff(’rent thhlgs, and the ntmospherc by
rer~ nnture bclul~es iU nU erratic fin[l rnlldom WY. TIIu$J, it is fnir to S:IY
~~(i ,Iulset that, no nm ttcr him’ w(,11 we could document our olrsmmtious of

,Iollt, rhcrw would still be rrn area of unvertninty dw to the randomness of
,, ~,r,l,,,w This aspect sll{)uld k borrw iu mind in considcrirrg the evldrmca
.,jch fllllows.

rmscruemori or TuE rmmss orJ r-r. m~ IN FAT.1.ouT

There is n fU1ldillU(’llt:ll dilrer~wce bet\vc,en the fllloot from 81] ntmn]c dcvj{.e

.iwrat~’~1[It tlle gr~l~u)d nod t lle fiJl[(~llt f I’om W+ Molt:lte(l .s0 l]kh thatth~
,,M1!dues not touch the ~r(wlkl. III the {use of the sl]rf;ice burst, I:Irge qunuti-

.Ind eve]) v:llwriz~ul, and SOIII(It~f-Sof stlrfllc~ ultit~’ri:ll are l)l”~Ikcn ul~, melted, .
is mtreri:li ~ollles jr) intim:ite col~tflct \ritll the rndimctiw fission Ilrmlll{.ts.
,WO. after tllc ntOllllC Cl[)Ud tl:ls Stl)ll[l{xl rlsln~ alltl tl]c Vifl!l,nt O[l{lr;lffs nSS(p

;Iwd \ritb tl~e e@OsiOn b:~re sul)sidcd! tlm 1:1riwr (lud hc:l~ier PO rtlclcs s!:1 rt
,llio~ l,:lc~ to tile grollnd. ‘fle rc+ull is fin :LIWI arouud gr(,nnd zero nud exte]I(l-
.< d[j\\-Ii\Vlnd\vbicll is corwr<’(1 ill a mole or k+s .system:liie wny with partidcs
,Iltfln)illilted by fltomic dc,bris.

lU c~l~ (~lse of ~11 ~ir ~ur~t in ~~llIcll the white.llot firehilll never rca(hes tllr
.I;fflce. tile ra~io:@l~e fission wd~l~ts n~’~cr ~C~IU~illt~ ~t~)sc ~{~[ltfl~’t ~rittl tIIC
,rf~ce material ; ttrcy renmin as au exc~wdingly line rtcruslll. At first sight this
,ig[)t be thought to be nn ovcrsi ulplitic:it ion, since timrw 11<1W l)ccll II):lny crises

~ whi(h the fireball never tuurhcd the grounrf, but the surface nmtcrial wns
Iserred to ila~e bceu sucke~l 111~into Uje risiug at~~mic cl(NId. Actually, bo~~-
\er, in s~l~b cases a sur~’eY of t!~~ are:l ~:~s +J$~n Ujat tllerc h:Is been a ncg Iigil)lc
i,il,untof radioactive frlllout on the grmmrt. Thougl) tom of sand and dust m:ty
,Ire bee[l raised bY the exr)losioll, tbcY all~~l reutly did uot lwcome cont:lmi nnl cd
.Vfjssi,jn llroducts.
The ex[,l:lnation for this curious fact prnbab]y lies in a detnilc,(l considcrnti(~n

f th~ W:IY ‘n which the surface mater’in] is srrck(d m) into the fireball of an nir
,Urs[. !l”ithin a few srwf)llds from burst time, the circul:~tion in the rrtolllic
,Jrdxlll dwelws a torokl:ll from, with an updraft in the middle and riowndrnft
:]rour.,1 the outside. M(}st of the fission products are tllcn confined to n dollgll-

HIN-SIMIWI rezion, and mny tw thon~ht of as constituting a SU1OIW ring. Vleu
:he surface debris is carried into the Pireb:lll a few seconds nftcr the detorlnt ioo,
1: Ivrsses III) nIong the axis of the cloud, thron Fh the nli(ldle, and cnn of(cu llc
wcn CO cascade back down around the outside of the cIou(l. Iu it3 Imss:)xe
f!lrouyir the cloud, it has passed around the rntiioactive smoke ring but hns never
u,ised with lt.~

‘l’here has not been a large num[wr of surfscr shots in t)ic![Jnitc!d Stnles test
#cries, find rrrost of these haw been set otl izr tl]c, I’a[.i tie nren, where coni])kle
documentation of the fal]out hfls beeu diff]cult twcausc the greater part Of 1he
!,(t[erial c:?me down 111the open ocwrn or in tht! writer of tlm l: Igoous. I)llring the
l:)st Pacific test, however, a method of sllrveying the oc~,:ln to (icterlllinc the
distrit,uti(m of the fallout was Hscd which !),as given us s(r!i]e f:lir]y com]~k>te

nnd q,lrmtitatire dnta on the pnttcrn of the fallout front so~ne lnrgcr ~irl(l dc-

~ices’ A rmrtalysis of the frrrction of the debris which came do\m w]thin the
Iirst few h(lndred milcs from the wrrions Operat ion Rdwillg SUrfIICe ShOts t~Y
~)wker,’ IN$(.(l on the ocean an,i ntoll $~]r\-cy made jolnlly by tile Scrir)ps Institute
f (lcenno~rnphyj the ~n~.al Radiolo~ical l)efensp I,nlmrfitory, tile Ijvans Signal
I.nt,oratory, the Neir York operations Office @ the AIM’, tile Clwmicai Wa rf:) rc
l.fil,~,rfitories of tl)e Army Chemical Center, and tbe .kir k’OrWS Spffin] wC:ll)OIIS
(“cu[~r, revca; s that fr~m a Ia~ge yield snrface burst about S5 percent falls down
In r,,u~hI$. ttle first Z.I hours: for a barge shot in the water of a !flgoon the frn~tion
1sbe;weeu 65 rrrrrl70 I)crcent. .kccordil]g to Tucker, the accuracy of tiw estimates

‘ ~t!logg, W. W., It. R. RrIDp, and S. M, Green t3eld :
‘~ X,3. ], lp. 1–8, 19.57.

Close-la Fallout, Jour. Met., vol.

‘ ~sa ~nt, V. A. J., I,. E. KuMorr, J. A. Chlurerrt, and D. C. Cnnrphol[ : Fallout Studks
lNJ:i:s Operation Redwlnx, FM?{(1Cornrnan,l, AFS\VP, Opern t!on I{WIWIIIKPr~l!lninxry
‘ 1, ‘?. ITI{ 1:154, Oct,,lwr I!)LG , Sr,.ret, 1{ 1).).

] “rJCker. D L. : Fraction of tledwlng Iln{lloactl\-lty lrr Locul I-.illout. RAND Coru.,
~~z rt In prcI, ar*[fon, S[oy 19J7 (Secret, R. ~~.1.

E+3W)”—57—pt. 1—8
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here Is protrrthly no better than 2~ or 30 Mrcent, so tfre good agreement w
ise olltflfm!dfor wrious kinds of shots m;Iy he fortuitous,’ %

~
The one other piece of evitfetsce on the frm’tion frilling out fronl a HIrfaea

comes from Opemt ion Jangle. The Li,s AInmcM Ilrnlth rind Snfety Di
hstd a number of st:ltions (lownwin(l to record the fnlbut, and the Air l’orm “

4

WWV1 n larger nren by ftying au inst rnnwtwl nirmrfr nt low oltlt rides or~t
desert. Two nnnlyscs hnve bren made c,f the resulting f:lllout pnt tern in
to est imnte the ftmrt ion of the debris which wne represcutcd, oue by Lulej
rind the other by RKSIW.’ Tlm results nre as follo~rs : ‘-

*&

J.1]1{,.ji:]tl : J{o.wmd 10 miles from grmmd zero nn(l within 2M milt%------- O@
1{:11,1, : ll(,YOI,d 4 miles fr(,m grI,IIII(l ZCrO KIIM1within 200 nliIvs-__--___---_ ~i
IUl!y Tl)t:ll ful]ollt (Illt (0 200 mll[. g_. ______ —------------------------- ———@

l..

It ShOUld lW n,~t(,d that t]]e fnmolls 3[nrcll 1, 1951. test of lhe C:istle Serfsg’h

the I’ncilic, which rcceive(l .wmle Imldicity Imtwmsr of tlw f:tll{~ltt m some n+
inhnhitml nt(dls,’ wns not \w41 mmugh d(wIII, wn!(,d to w):I!II(, one to Ket a ~
estimnte of the percentage of fnllout. In order for su(h :In estinl:ltc to be ~
it is clr:trly urctwsnry to he able to lay out tlw c(~mpl(fc f:lllout psttern.

%wfls not Ilossillle here, sinre the islnmls nn whilll tile follollt m’{llrr(wl occu
only n ~u]rt of tile Imttct-n, nnd m(, re I)rolmlIly not in 111(, r(willn of ]Ilariq”
fallout. ‘1’his event will he discussed more IWI(W.

J

::
As pointed (mt ohove, if the height of burst is rniwvl, the nnl(,unt of su ‘

mnleri:ll whi(,h (,:111 lxx~ollle intinmtely ]uixe(l \vitll I!}e iissi(il] ],r(}(lll(ts IWCO*
less. AS KSrest!lt, the fr:iction whick t:lkcs p:)rt in cl(,se. i[l fnll(,l]t decre@j
\vitll incrcnsing hei~lit of hnrst. A tower shot do(w nl,t exactly fl,ll(,w this t-
Iloivevcr, since the tnnterinI in Ille tower it.wlf On(l in the call nt tile tO1l oftlq
tower nl~Imrently provides some rndionctive f:illout. l’he fmction fulling “’
from n tower shot appears to he quite Vnri:tllle, ns m II tw seen fr,nu the follo

I

tttl)tllntimr ltrel)nr(,cl by IGmnrth Nagler trnd I)r. Imster 31ncllta of the Uni
States Weatker Bureau, Ixtse(i m n det~iled nllfilmis of the netu:ll f:llJoUt fr
a number of tests irt Nevada, all of which lmd yields in the rnnge of 12 to 18)

P+”

30@foot tower ---------------------------------------------------------

. .

!
.?

AverrtKe -------------------------------------------------------- 10
50(-foot to\Yer --------------------------------------------------------- ,U
G24-foot nirtmrst (espectrdly uncertain) ----------------------------------

4It slK,uld he II{,tm] that tlie Imrticulnr nirhntxt cited here produced a fire”
n-llich nlmost t(}llched the fq-outl(i. Higher nirtmrsts. [IS ]J)eljtioned nbuv~ P*
du(.e no si::niticont clos(’-i]l fallout. ‘b

S,) f:lr tile (liscllssioll hns heen concernd irith tile tf)tdl Cwouut of radionctiy
rnnterinl tttliimq ]I:lrt in the f:illout. The (Ii. xtrihutio)t (,f this n]nieritll Ontke
ground depends (,H n number of I):irn)ll(,l(>rs—lvir](i s[r([ctlirr, yiehl nnd height
of l)urst, nnd kind of surf:lce. The ~iel(i ttlld heigt)t {If burst l)le{lol]iil)]l~tly @
ter]l)ine the distribution of rndione{ivity with size of Imrticle, nu(l the heighl
srnd size of the clond nt time of stiil]iliz:]ti(>]l. The kind (,f soi! t:iticn into tbt
Iirc,iuil I)rcslllll:ll~ly lms no efl’wt m) the lslrti(.le size (listril~uli(m too. In O*
to lnakc tr cakmlntion of l~hcrc the (Icbris \rill m, nll [lwe fxct(ms n!ttst Iw tnkd
itlto uc(xmnt in rme wsy or nllotl)er. ‘1’hr vsriuus W:lYS of hnudliug tliis COfi
I~licfite{l situation are treated in the next section. ‘4

, ~(

* In rrf. 2, Appen dir 1?, slmllrrr rat!nmtrs nrr mndc mhtch nre loss thnn thp on~s qno~
Iiow+.wr, It ni,pmrs thnt *I dttlcrmt “[i(brl]]nllz:lti,)n f>lctor” Nns uwt to cwnvvrl from kl
Jield to n)rxn(,urrlt.s of tissinn IIrodllct nctl\-lty nt nne h<,ur, IIII,! tl, i~ wns comttlned WtU
aII Iuai, t)roprl:ltr (km? rtltr to conrcrt from the time of ol,servtltt,,t] to tl]e rpff-r~nce ti~
of 1 hour. I: blrfher, Tur+ced lntrt,[lt:crd n cnrrwtion f,,r 1111>r.anli<mcllvr so<llllm from *
oce:ln w:ltrr whlcli Nns actlvatd b.r nmrtrcm.s from the es I,luslc) II. and which c<, ntrlbu
to tll~ (,hsvrvrd rit(ll(,nrtivit.r. f$

6 J.ult.j inn. X. 3[. : I:ndlofirtlve Fnllont from .\tollvlc I!r, n>t,a, .AIr I{rsmrch nnd Devel@
snrnr C,m]mnnd, P3–3fi41i (with sul, plvment ), Sovc>mlwr 1!153 (Secret, R. l). 1. <;

o (;revnlw],l. S, M.. \V, \V. Iiel Iiuw, t’. J. Krlcg,v. }lnd Ii. U. 1[:11,1) : Trnnfll, ort nnd
E+~rf,~sftlnn nf Itnt!tlulrttre IN>hrla from Atomtc Exldoslons, l:~port of Pruj,,ct .\ureole, R

K. ’?(:.l ,\E(’, .1111. 1!):!4 (Sorrot. t{. t~.). SOP cl, nl, tor 4.
: (’rf)l)l%if’.. l:. 1, , I-. [’ 1:(111(1.Iln<l c, I,, IMB,~lI:nm: s,,n~>et:fl,,,t. of I,>IliYl!~C R3dtr.tlOB

on l{u!Ii:to l;rillcs, Uni(c,d Stutcw Atomk! F;nergy Cun]]llls>i,,u, July Iv. >ti.
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]:,,f,~re pr(~cc’(’(li[lx furl her i t
nli~llt be \vell to mention Sonl(,tllillg nl}ont whut

.>,~:{I,,!OIIStytheh~rtl~ilo:lcfl~~’lj:l~!lc,tcsUfl(’r they nrc or, (!le ~rO1lll(l, The lnrKest
be n njlllln]eler or rsj{)rc i]) di:iu]etcr, Ijllt tllcse colI-;C{~,~<.l’!s luf-olw!d lJ1:lY

small frnction of the totnl debris. Ik)[h obs<,rv:lti(]ll of llIe ]mr-,.l, ”[12 00IY a
, ,.!,s, dkcte(l ill JrlfillS ~v[lYs. in the I’ncific a~)(l in Nevad:l, nnd ttscoretiml

the wy in \~hlch tk’y, must fall In(iic:itcd thnt the nmjorily~,l,. tlhltions of
, ! ,Ilc pfirticIe.s tfl~iog wr.t in tI!c’ C’l~t5@lll f:ill out huve diameters bc>~,y(.(hi).I]), )llt
!,l :,11,1-fo0 microns ( 1 micron IS 10,OOO (IO.).9 s ‘0 “. A(,cording to G. R. IIilst,

, ! II]c II:~ofor’l ‘to]~]ic.
l’ro(lllcts olwr:llion, pnrticles of less nnd frhout !30 r[~i-

, :,,,,. di:l!ll(’l!r ~tr(: ‘lltil’”l]lt ‘“ “r{’(l~’ bY ~~illd n(’tiol~ hwnuse they tcn(l to sift
,i, ,,, ~1:,1](I cI III< l!ctl~”(’{’1] ,:11(’ I:lrger ]Slrticles of tht, SOj], :ilI(l Iu\rli(.le.s lnr~,(>r.

‘Ii :iljrl[lt ~J()()l~llc J’’’ls’s ‘] J’lV{’l(’r. ~lrc ‘l] ft]enlt to [:r~l(le hr(>.111.~ethe’ \vind rmnjll)t:; .,.
,,,. jlr lift th(’[11. ‘1’l]e I):lrtl(t~, size r:illge in tvhlcl] ra{li{xrctivf~ fslluut lim is,.
..,,. ,.17.c JJ-llich .~~ln 1’~>IIl{)st (’~}s,Ll.Yliff~d ~Y tl]e ivind .111(1rdwj.sited sorw~vli(,re

{“n,lcr lLIK1l,‘\ in’1 ~“tl(llll(~lls tills ~u~:id ftlrther conll~li(ute the Ilredictiou, :.,,
,,: ,, l[cre the debris \v(luld go.

CO\lI)L’TrNG FAI.1.0[.TP,\TIKRXS

,l(,:irl,r, thedire(fioll fh:it n Imrti(’k t:lk(+ on its my to the grou]]ll is dr-
j,.rll,i[,c’(i l~y the ~~i]ld. It is not the wind nt one level alone which must be con-
,,,1,,,,,(1, l~nt the rotnul:ltire e~wt of all the winds hetwcsw the grou[td :11)(1 the
,:, jli:ll :]ltitu{le Of tll(~ p:lrticl(>, ‘1’here II:IW hccII n nnmkr of rnehods devehfped

I,, ,!):ll;(> S0111(3S(~l’tof 111’~t.IVI(’SS llll(lUt \vhere tllc (lebris will ~e delwsit(w], HII(l
,),(..<, :11111:11’(’(~11~’(’1~’rtl~’llt Ill e(~lnjlllol) : TI!c wi[ld fiel(l from the gronn(l UIJ to t ke
I,:,,:,,]c c,l~llld nlnst IK’ allalyz(vl :11)(1intcgr:lt(,,{.

])~ order t,{) !lud~rst~ll!d tile, lll:ltlc~ nf ftlllout Ccmiputjttj(]n, it 1S ne~~ss:jry
11,U(W\vh:lt IS inrolve(l 1(I fit] IItt(,gr:ltlotl of tl)e \vind fiejd. Fiqure 1 shows, jn
* .I,,,t,l:lt ic for]o. h(J\v Sllcll :111 integust ion ca:) be done vectorinlly. 1A it he ns-
,,11,,($1 for the nl(~lrlc!]t th:lt 11 lj:~rti~Ie stnrti]lg froul 50,000 feet. for exnruple,
1:,< R m)llstaut rnte of frill. In such n cnse it will sl)cnd the sanle nmount of

!I!l,t, ilk PSCII law of n ~iren thick rless, SfiY 5,000 feet. ~’he directiou of its
,r:i~(,ffl”bilein :1:i~en ]:w’r ~~illlJCillth[idirectiouof t!le um:ur wind in thnt
],,!(,r. ~11(1the (li+!:lllcc it tr:l~~’ls \\’hilt iu the Ifiycr \~ill be proportional to the
1,.ricll) of the c(l I’I’(,slloll(iillg \villd vector. Th(,n it fillls down iuto the next 1:1.rcr
:,!I,I t~giin tr:lvels v,,illl tlic. U1lJ:lll wind iu that I<lyc,r. In or(ler to determine tile
Irl::il Ili.~l:Ince nn(l (iir(’(’ti~lll ~~lli(.h this part i(lv trn\-t’ led on tlw \v:Iy 1(I flItL

LWIIIJIIit is Onl.v11(’cc+sav to fl~~lthe successive ~Vifrdvectors for each layer
t,.~d ((} r:lil, nn(i tlw r{’soltsllt rector \vill rellresent the totnl travel.

1ti l,r~tctice, nM!teor’(JIo.xists h:lvc fonml it convcnieut to ndd the vectors sts rt-
IIlt frlln) the grou[ld :lmi working nIj\v:lr(l, as sllowu ill figure lb. A’ow the iu-
:1 :m[c,i wind, or tot:il lmrlicle travel, fr(un nny gi\-cn nltitude can he inrmc-
,! :LI,,i\-determined 11.v(irafvilig .n vector from (Ile origin to the htxld of the nrro\v
,:1,,.[),,l!(lill,q to tl)(, corrcw, t ;Iltitll (le. 111 (,tller \v(lr(ls, n f:tnlil.v of illt(,cr: ited
Nl[,,ls (:IO Ile I1r(~(ltl(e(i ill this Jvay, :Ind tile direction n!ld rnte of trnvel of rrll
ll.j}l], I(,< C:lII be (wtil]]:lt(,(l by imsl)c(tion of tllc di:l~r:lnl. l{ecrsll tlmt it wns
,<..:!] ],,,(] ]i(,r(. ti]:lt (lie Il:irticl(, s fc,ll at a collst:lnt r.at~.. ‘1111s is not the case in
j,, 1,1:]111}-,~lli,] s,, tllc. si,ll[)l(> vc,ct{,r a,l(liti o;] described here must be modified in
II,, II]<rr sopi)islic:lted nlinlyses of fnIlollt.

‘1’1),.t(, Ii:tyc I,LWUfollr Ill:lin a]jljronches to the coustructlon of a fallout rinnlysis,
11,.pI.I](l)l[g,1,, tile :lll],,,]r]t of tillle [~viailnble for the computation nnd the degree
.’(l(ll lllll(,l(!)OSS rwlllirc,,i. It SIIOUII] IIC eulph:isized tllst these v:lrious n[~protsches

i!,, tl,,t CI!Ii)lKItC \vi(il [.:lCI, ott)er, sitlce they nre e,lch tnilo red to answer n different
GIrof ql]wti(,l)s n[m(lt tile f:ill(}ut, ~nd they differ grently in the amorrnt of labor
r,.,lllircylto ~:lrryt))’.,,,Ollt. IN order of Incensing complexity, they are-

‘ l:.,::!!>!, C, T., J IV. Nrrl. H. x1. btork, and Kermit H. Lnrson : Dlstrlbutiorr find
s ! :r. <[,,ristics of l,-:iII.OiJtat ])ist,>nc?”Gretltcrthan 10 Jllles from Ground ~erO fdnrdl
,.. ! .\l,rll 1!13:1, U. (:. I.. .k. Scl,,ml of Mmtlcine, operlltion Up~lmt-Knoth Olc, Ttl- S11,
I #r,,,:, 1!1:4(Socrct,R. 1).}.
‘111.Idr,\v,R,,Jr.,I.;,A, s(.l)[lprt,W. W. I%rkIrrs.mrd R. L, Stetson : Nnturc, Intensity,

,, 1 I,i.trii,tl[l(>rlof l..,~]l,)(ltfrom \fikeShot, U. S. h’nml ftadtologlcnl Drfense Lab., Oper-
, 1:$,, 1, T, \V~–GIS, S,,rctllt,cr 1:132 ( secret, R. 1). 1.

~:! 1.011,I{.I..,1:,A, Sct],]ort,\V.IV.I>erk ins, T. Et, Shlrannwn, and If. K. Chan : Dls-
(r:t,,l[:,,]l an<l Iot,,nsity of I.’,illout,U. S. Sa\.fll Radiolortcnl Defense Lntr., Opertnlon
(’11<(], \VT.:115, Jan,, i,r ~fl~G (Secret, R, 1),),

‘: \Yilse!-, 1;. F., R, ? Frcncl!, and H. 1, West, Jr. : Fallout Stud!ea, Army Chemfcnl
~~:,[cr, (lperation castle, \YT-916, February l$WJ (Secret, R. D.).
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I

h:]]} lwne(i. ‘1’he meteorological literature has a number of studies of U‘
nbilit.v and of the uncertuiuties iu observntion,rn” n A good rule of th~
rived from experience with tho tracking of constant-level balloons, is ~
n good upper air network of the sort which covers the United States t&”m
of a lmrticle cannot be determined from nn analysis of the winJ field to
than 20 perceut of the leugth of the trajectory. ‘1’bus, after going 100
Imrertninty in the positiou of a drifting Imrticle is about 20 miles, even w
\ve h:lre nll the nl~l~er-nir dnt:l which we mu Iny our Imnds on.

b

Furthcrn)ore. the ftillotzt itself is poorly ohservetl, due to the great d
%

tk:lt have to he covered, the irrexnlnrities Of the tcrr:lin (in Ne~~l(la ) or &~
cert:linty of \vherc it \vent uf ter l:lndin~ iu the ocwn (in the I’acitic).

%c~-en if our comlmtntion were, in princilde, n perfect oue, wr \vouki SW
hare a clear llicture nwlinst \vhich to twl,l]xlre it.

\Vhen the meteorologist is fnced \vith the problrm of fmdif-fitjo n fallootw’-
teru, the uncertuiuties of a wiud predittilm ore Udlh’d to the ~lncerfain~
the comI)utation:il model. The longer the tiu]e lag lwtwecu Iwediction ar@
e~-cut, the gre::ter will be the lll)(.(>rt ilitl ties.= For tinms of up to 12 ho~
upl)e:irs that persistence is nbont ns good ns ft forecnw, und ufter fib@.2
3 dnys n forecast is not muck better thnn a cliumtologicn 1menu.

~

\Vithout twlsl~oring this point, it should sufllre to show two intcrestir&
[,n]])l(,s of l~redicted nnd reconstructed ftillltnt ptitterns. One is frt}lu a b~~
rolwhly 30 kil{ltf]ns on n tower in Xevn(ln, IIN) (hwn or Civil lkfml~e shot of
G, 1!135. The patterns sl]o\vn in figures 4 null 5 were prcpfird hs’ Iirnneth N&
c,f the [Jnited stntes Weather Ilnrcnn, nnd show the Imtterus \vhich wem,m
(Iicted 2 hours before stsot time by 2 methods {~f mottels. The t\vo mndels atM
the Weather IInreao and the other of the Los Al:Imos Scientitlc lmllornto~” ‘
the University of California Radiation Laboratory, were used. The tlrst inv
n hand computation by an elnhornte grnphicnl ntmlysis, the other involmxl +
spee{i di<ital comlmter ( 11)11–701 ). ‘l%ere were some fiifferenc’es in tht!
models, hut these were not basic oues-thot is, they both owl tile general
pro:]cll tl(.scril}ed in the previous section. It will he noted thnt Imth m
]jredicted ]mtterns extending due north from the shot point, followin~ the
tion of tlw 11-’2 hour predicted wind. The {Jbserved pnltern, shown in figure
\\:I< rmvlnstructesl frolu the nvailnllle road mouitoritig nn~l from n few a
tnmzsurements hy NnRler. The fallout stnrted ollt northw:ird, nud then cttrv
to the enstward. rdlectirr: a mt(lunl shift in the wind dlre(’tion frwn scmtb
\vest tlmt took place In the honrs ft~llowinx the shl~t. A!so sho\vn in tignre 6ts
nttcmpt to reconstruct the Imttern, using the IVrn (her l:(trtwu’s nmdcl nnd
illt{) nrcouut thr <.lmnge of \vind with time :lud s]mce. ‘1’l)e r(,.s(llt agrees *
tile olwsrred potlorn better, Imt Nill not ]wrfm+ly.

[

.$.
lotller exnul])lc of a fflllout [mttern which cl)nnmwl its direction duri~ tb

l:lit,r stnges of tile fali<,llt is the M:IrtlI 1, l!~fi4. (’astle sl],it on tl, e Ilikini atol
rcferrfvl to cnrlior. In this cn=e, thr f:lllollt :1[,iullerltl.v st:lrte(l flllt in n directl~
(,:l~t.ll~)l,tllo:lst. hilt s continn~’{1 veering (If Illo winll (T:)lis(,(l it 10 cllrrc Inore toth
enst nnd east-southeast, until one si(lr of it lay ncrosq some neixhlmrirrg atolk
A stl)(l~ of thi$ event I)Y l{nu(l in !vllie!) rlIo f:ill,,llf !v:!s f.(}t)l])(iletl with
snot-time wind nIone. nnd then ng:lln \vith tile vnrinl]le (tr(le) wind, ah
c]onrly lIOW the I!:ltterlJ nlnst hare cllrved ns it progressr{l.*” >

t is interesting to note thst both of these exnmI)les demmstrmte the @
Of tile ~]~angtng wit!t] with time, nn ~mm \vhich is oft(v) wry hnrd for,
n)cl mwlogist to specify. A stlldy of the statistics of tl]is chnnm of mind
ti!]~e Ilas Imrn MC!(1P hr Frnllk (’l]ff, df,IM rr]!)c]li (,f ]t)etfv)r(~!{):y, l“ni~-ersity~,
I’tnh.~ lirferring to tke lntrgrntwl wind (scr almve) from the rronnd up
~orions nltitl}(les in Xer:lfl:I, Ile follli[l llIC IIIV:IUatxst~lllte Iw:lrillg cl]:lnges sho
ill tshle :1,

.,

m XpII, UrKCr, s., 1,. Sherman, \v, W. Krllozr, and A. F. (7ustnfmn : On the ComfmtJ
of !Yind fro!)) I’ressure lkltfl, Jour. blot.. vol. C. So. 3. pv. R7-!)2, 19 IS.

Z> t:npp. It. I{. : TIM Effect of Unrinblllty nnd Intitrunwntnl I<rror on Mrnuurementi
the Frer At!n<mphere, Nrw York University Metwwlrwicnl l>nl,rr~, vet. 2, Xo. 1. .I{]ne 19S

= fiorhnnski, A. 1{. : Wind, Tt, mporulure, nljd Th?ir Vnrlal)illtlm to 1211,(K)0 Fw?t+
Wenther Service Tcchnlcn! l{qmrt, 103.142, Nfny 1936.

= I:llwmwr, H. \V. : Errors tn Up[lrr-f. evrl \Vind Forec,)sts, Air \Vcnthcr S~
Trrl)nlcnt Krl, ort, tft5- 140/1, I]ect. mtwr 1!)51; ,

~ <;rmwficld, S, M.. an~l R. R. ]trip[):F-nilout (’o!nl,lltatlo”sn“d Cn~tlmt:raxw-A ~
Stttrlr,Rnntl c’nrp., R1l–1 S>5, Jnnunrr 1037 (wrr~t. R l) 1.

= rilm, It, I). : A Stu(lv Or tile l’l[ne V:lrtt!f)ill!y of Illrexrnte,l \Vlnds S+wr I.M V@
Nevada, thesis for hf. S. De.zres, LNvt. 01 Al(l,wruloiw. Uulv. of UtalJ, IWirch 19S7.

@ Ground zero



7
,+ ;

1

RADI().4C’ I’I\’E F.4T.LOUT AXD ITS EFF”l:C”l’S ON AIAN 113
.N

,. .

.- .. .....’-

$4 / /“ lmr/hr al H +12hf S ....”
eveu w ...”

//
I

. ....”
. .,-.

---- . .... .. . .. . ..... !. . ...”

I
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puted by L.i SLUCl{L usiug ~viuds I)redlctt’d at II-2 ])I:urs. ~l:lY ~, l~3fi. I
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‘/1( c would ~oxGNI:ss OF TIIE UNITEO STATES,

SITCJ.iL SL-IK-OMMII-IXE ox l< AINATION OF TIIE
JOINT ~03f Mr’l-rcE ON IITOMIC llNEIIGY,

:ttive do IVm?tinqton, D, (7.

“I:lC spccin] sul)com,rnittec met, pursunnt to recess, at 10:05 a. m., in
~),,, 43Y, Senate (Ifhm Building, IIon. (Met IIolifieM, chairmru~ of

least I !h ~lkomlttcr! Prcsic!iw.
]~rrsc]lt: Ile])qrsrllt:ltlvcs Holifield, IJlrham (chairman of tlm ,Joint

first, but
~0,1)~litte2), l~rlcc, Den]lkwy, Van Zandt; Senntors l’astore, Hickw-
kq{)r, ~ncl Brlcl:er.

at some
l’rrwnt ~lso: l’rofwsional staff members ,Jamcs T. Ramey, executive

d,~ctor: (,eorgc.I~;. Brown, Jr., Ikl IIollLstcr, statf tecl~nicn] adviser,
UId 1’:1111TO1ll])lilllS, consultant,.

l;cl~rcwntat ivc IIor. [rl~r.o. Tlw committee will be in order.
Iivuorrow ‘1’od:l.ywe open our sccolld day of the hearings on the natwe of

mdinactlrc fallout and its etfect on man. Yesterday we began our
kriugs with an intl:oductoq statement by ?:. Charles L. ~uuh:ml,

,Ioor15 j)irwtor of tile I)ivislon of Blo]ogy and il~ed]ctne of the Atomic En-
\vould

rry Commission, in which he provided some perspectiro on the gen-
Ilt. .’

em! radiation problcm as a basis for tho beglnnirrg of the heari rigs.
lie w:is followed by Dr. Mark Jli 11s, associate director of tl~e Li\cr-

]Ifl, in t more Laboratory of the I_Jni~ersity of California, who provided us
elmwl with technical backgroun(l information on radioactivity and radiation

UId the hward aspects of controlled fusion and fission reactions.
\Vil,y. Ycsterdny afternoon, I)r. Alvin C. Graves, chief of tl]e testing cq}-
lwsotl in mations of the Los Alnmos Scientific L:lboratory, provided more cte-

~IM information on the production of radiation and radioactivity
U? that by tke cletonat ion of nuclear weal )ons. He described the effects of im-
rown 45 &inte bomb detonations, together wit!l local fallout nnd worldwide

)rrw!v. flllout. He XISO ~iye some indications of the nature of the fal]~ut
,cti[qg st from so-called clean md dirty weapons.

]h’. Grfl~es \y:ls fo]lo[~,ed by ~)r. Frank S1~e]ton, of the Arnled
~Orces si)ecial-weapons projec~, and Gen. Al f red D. St arbird, Direc-
‘Ur of the AEC Division of Military Applicationsj who provided a
fFWcomments o]) ])r. GNlves’ ttitimony nnd the new book, ‘1’he Elfecb
“f Suclear lVe:Ij)ons.

lllcidentally, (ir]K.r~] Stfirbird in(]icote(i tbot the printed statement
p:ltitle(l ‘i’~e~tilll{)r)y J\cfol,e t]le ,Joint Committee on lit~mic ~nergY
‘o tho ~Jro(’]uctio)l of l~:ldiatiol~ :In(] IMiorrctivity From Nuclear

~~cqo]ls —Topic v“ JV21S ]Iis statement, which he submitted for the,
“word. The cl~arinlrln and comn)ittee were UIlde~ t]le in]]) rc,wion tllut>
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‘1’lIe next pltcnrd (2) show+ the decrcwse with tilnc of the at.m
pl)cric mdioactivity fr{;ln trolxjs[}lleric ali(l stratospheric sOllrceS. 1
see that for ~ Nevada A-bomb-type shot, in wl]ich nir conte])t is plott

a.g:lillst time in weeks after tllc explosion, tl]c at]nospl]eric radiot
tlvity clecrc:ws rnl)idly with time after tile test, so tllxt within a mi
ter of weeks, or at nlost n fcw months, the level of m(lioactivity is n
n])l)rcci:ll)ly above l~:ltllr:ll b~~ligrOllll(lS. l’rccil)it :lt iou nn(l turh
lellce (]lliclily relnove tl]e Imr:icles from tllc :Itlllosl)l)cl’c. on the ot~
lllnd, from tile l:l~ge-sc:lle ex])losions, the tl)ernlonllc]ear tests, Whi
tl)row their debris il)to the str:ltos[)herr , one fin(ls ])ractic:llly
cl]n.nge lvith time. Altllongh the same proresses of removal are st
actlvc in tl~e trol)osplm~, the curve fails to sl]ow tlm decrease becar
there is a continual fecdlng of new ra(limctivo debris from the stra(
spl)ere downwnrd.

T~OrOS[’l1ERIC 17AJ.1.OUT

Let us first 100li nt the f:lllout from tropos])llcric debris. ‘II
plxcard (3) shows isolillcs of de])ositiol} from One of the Nevada h
series. It is a lfcrmtcm mnp of the entire world, nlld tho very hea
shading indicntes the nrca around h-eva(ln.

‘lIIc h-i~lltness of t lle IT(I coloring is I)roport iol)nl to the nn)omt
f:lllollt. I llSI? tlle word “troposl)l)cric” :IIMl “i]}t(’rlne(li:ltc” inti

clt:inge:ll)ly in tl]is discussion. ‘~l)is ]Jictllre illllstratws the l)rcvaili
lvest-east flow by the filCt tli:lt Inost of tile rn(lio:lct ivit,y lies in tlic sal
belt of lo(itl]de ns the original latitu(lo of tile esl)loslon. ‘11M3falk
is carrie(l l)rimzrily to tllr mst b.y tl)e prev:lilil~g }vill(ls, and decrem

— U) il)te]isil.y :1.3we gLIt f:1111I,:r frOIII tlte test sil(’.,..



1{.4DI0.iCTIVE F.~LLOUT AND ITS EFFECTS ON MAN 145
XMAN

WI’

J
TESTS .(

.

.!’
,::(

i.
,’

#
,$

I

1
70 ‘i

,,eof ~l,e~$a

,ric sources. ;l!
;ontent is plotti
xq~heric radio!
~at within a iha
d inactivity is iI
ltion and turb~
N. On tile Oth

lear tests, whi(

s practically 1

removal are sti

decrease becau

; from the s~j
,;

. . .
. . .:

ic debris. ‘II
‘ the Nevada ti

d the very hti

to the amount (

‘rmediate” inkr-

RS the prevailing

,y lies in the same

,011. ‘1’llt? fallout

ds, and decreaS@



~l:!rgc explosions, it is likely’thnt tlm stem”of tile Illlcle:lr cl~~l(l PI’~-
vl(lt>s nlostof tlleratlioacti vcflllollt intl~isperiod.

1

V’l)zt fracticmof tllern(lioilcfive (lrl)ris isdrpositef] in tl~e first t’[”.~
weeks or months-aside from the locml fnllout ? For tile tvpicnl l“P-

, wd:k to\ver shot, perhaps i’5 percl>l~t , :tl~(l for the high- yic”ld gm~llll~l

‘~ explosion in the Pacific I)roring (i rounds. somewlwre bet\well 1 :l~~J

[
~5 percent. l’hese figures Ire very unrertitin. ‘~lllls for tlm lIi:h

yiel(l explosions, tllo del:lyed fnllollt is n~ore illll~olt:lftt th:ln TIk’

1

tropospheric fallout. ‘1’h]s is l)ec:lllse :Ilm(lt SO pcl{.rnt frills ollt 11~-
cally, :UIC1 when we :IrM to this 5 perceI)t more: w still hve of ~lIp

01’(lrrOf 15 tO 20 percent, On tllc aver:l$e, in Str:lto,:l}lleric f;lllollt tll:lt
is still left nfterlocal and tropospllerir f:~llnllt l~:wce:{swl.

~lltls, for the hi:ll-yie](l exp]osiol]s, tllc (Iclny(tl f:lllout is mcm
iol))t)ltilllt thnn tile tropcq)ll[’ric f:llloltt. lt i.<v~l(ltl~t tl~:~t tl~e irol~[’j

R.tDIO.\



h . .. . -.

‘+ . ‘-
,.. -

;,,.y:

>
“z
c

0
z



[Reprinted from Science, S~ptembcr 14,1926,v 01. 1241

Woszr.n.lVruE TB.kVEL OF i~TOMIC DEURIS

L. Slwhtii, R. J. List, 1.. F. F. IIulmrt’

For cc[ttllries n)ctcor(~lt~~sts ha~-e thought of osploring large-scale ntmc).~)bcric
circulations by nlwtns of trnccrs. Tlm li!twtorc [Irscribes how mnn hns smxw.
folly tracked tluorwccnt p:lrticlcs to a distance of 100 miles,’ used r:ldi~,acti~e
trn(.ers :]cross the United States,’nnd followed volcani cash and forest fire smoke
over (iis(:lnces of the order of 1000 miles.’ Only the dost from a major ~-ulwmic
eru])tim. such M Krnkatao, hms been tracked on :1 truly global scale.

L)l]ril)g two of the nnc]wtr test perimls in the Pacific Proving GrounL= of the
1-’. S. .\tL,mic Energy Commission , suflicicnt radioactive debris WM thro$yn into
the atn)(wphwc to be deposi ied in both hemispheres. Me:isurenmnts of the de
]wsir(vl r;i(lion(,tivity were ot)txinml from expos(d sheets of gllrnmed film. ‘lJe
df, tails of the m>twor!i and the sanll)ling anti mo:lsur enlent techniques b:~f.c tswn
{It,scrillc(l t).v Eisenhnd and H:lrlry.~ It SIIOII[(I be noted, ho)~ever, that the dqw
sili(,ll (If I):trti(,lc,s on the a[lll(,sire snrface dfyx~n{ls eitllcr on the prvs~mre d
precil)it;iti{, n or, in dry westher, on tllrtmlcnce to assist the impaction of tb,
I,:lrricles on tbe horizontal surfu(’e of ttle p:l[},,r. It is thus possible to haven
cl(,t]i[ of rudionctive fmrtichs P:l SS t}vo stntions siro[ilt:~rte<tllsly nn(f ho~u onlr
ihe st:l[i[,n with r:iin note the prm~,nce of the ]mrticlos orcrhe:td. The wnnl~~
Z]lm nl~,tllod of collection is r(,cognir.ed as beill~ as cr[idc~ as it is simple.

nm,k>ar explosions are trrmtcd in this article. the 1 - ~~m

1~4. l’he s%ots were similar in tl]:]t both
in~e meg,n ton rfiuge, both were dc,t(mtd

nt or mwr Ihc enrth’s surface on a cotml isl:[n{lj and both hnd atomic CIUMIStbtl
wnetr:ltcd into the stmtosphore. To the mtlwrologist, the n)sin diffwcwced

Wlxns

lle winds acting on the two titornic C1OUCISnt the time of (Ietonntioo ore illo$
trated in Fig. 1. The w-inct structure hns hem estin)nted, when necewry,from
oker!-fitions at nemrby locations nud times. On both days the tropopnuse m’$~
fouud nt nn altitude of about 53,000 feet, nutl it se]mrated winds blo\tillg from
(Ii fferellt directions. Tbe easterly winds shove tile trolmpnu.se increi]sed ID
SIEYWIto the highest nltitudeof tbenvniloblewind in fortntttion forthe Ltravosht’[.
v(hile for Mike the easterly winds decrensf’d in speed nnd ultimately chnngfil
to wcstvrly winds. ‘he enslerly winds in the trnde-i~ind layer, tile uloist mari
time nir Mi:lss Iyiruz rwrr the SM. exttwkxl up to nl)out 20,000 feet Luring tbt

detfm:lti{,rr of the Mike dmice, while for the l:r:l~o A)t they \verc b(hnv lW<)
fvct. Ik4wcsw the tr:ldc-wiud lnyer and the tropopmuse, one norn]nlly fino~

~v(>strrly \vin(lS. During the Mike shot these westerlies w’ere tempor:~rily inte~
rul)ti,il al)tl bev:~me soullwrly winds, while for the Lfr;ivo shot they were tO@J

R.iDIO.lCTIJ”I!
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The netllalf:lllflllt :It Gnlll st:tl
Fig#,4 nntl .=). Tll(~ Illlits :lrt! t’11

dsys folioirillg vil{,ll e~ctlt :Ind n
l~~uare miles (tl)e v:llues l~a

Sk!ver:ll t’c,;ltnt’t’s~mmed tilnl. )
First, nn :~rL’r:lxe volm’ f~m all l’n
forthe311kc> sl){’t, :is OI)IWW’(1 to”
shot. Secolltl, tile iwjliilcs Iocnt
UnitedSt:]tt>s:ll~(l p~,illls in the}
Observatiolls t~l,t;iillt’tl lrolll tram
the netw-l)rk lV;)S (LSI):IIII1(I(llwtlv{
ksmtest;ttil~lls in rlil]y :Ireas. 1
~mplete or tllc II:lt:l :lrc sll~lle(t,
*r. No attelllI,t II:ls I,(,,,n ulade
Ocfnrrecl=ithill tl~~’ fil+ ~4 }Iolll”s

Tbeconjl>; lr;l[iv(’ly slll:t]] V:l]llf’
mi~lly dl]ritlg III(> llikt, shot,

TbenortherI] l]:irt of tile .Norlht’

depositions. TIIe (Iixtrilllti{, n 0

consistent with the t’(ultur(,s of tl]
of theckmd south of J:LImn in tli
tlorml evidvncc.

ltis ai)lmrcnt tlult r:i{lioncti~e
possess all the <lesir(’11 :Ittrilnltl’$
formntion cunccrnillg tile nmgni
RmainsairlJ(}rl) e:\ ft(>r tl)e initia
lkolnte,ismsllL@ ~llt of the atl)
aervatire prop(,rty. Thus. for e
sphere may have be(v) lt)w Imciiw
southward throu~h (he Intrrtro
dfective sampling pr(wr~)n~ for I
the fallout. Yet,(l(,,*i)ite these
~n obtain useful illforn):]tiunbj
Ingntwlear test fwri~l(ls. ~~ltllo
kllndertnken for nwtcorologi(’1
KH%M.rrnlue from future tests
uOMatother locutiolis iin(f ti[ll(

FIGVSIE l.—UpW winds at shot tlnw.
Arrows blow with the winds, :III(LL--

]ntli~:lte wind spwtl ; full b:lrt~, 10 kllutS ; oll~-tl:llf hrb, 5 Iill(}ts.
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Flouw ~.– T?:irlyllistoryof the llikr cloIId. ‘NIP figures Sn(licntetl~enumber of d:~ys lwtwcrn detor)mtion rind the first ground
a)l,b(.1.v]tlioll of Ii,s.sio]l L,roduc, ts.
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170 R.il)IO.f(’”i’l \”l: l::\l,l.our AX D 1’1’s I:rl}.curs ox M&~
‘“I R.4D10ACTIVE FALLOUT AX I

OIIr n[~xt, ~vjti]ess is Dr. (;csrdoJl ~hllln;llg fronl. the Div~joQ.

lli{)l{)gy ;\t](llle(li(.i lle()ftllc:\tol) )ic Illlergy (;()) llllllsslon. . .
j@ js~to~ which can form an oxid(

there is condeosution of the

l)l'. l)ltlllli]]g \villtestify olltlle tollicof 1Acnl~allotlt: ~eh”

:I)]i.s])w I)v lYhi(_ll It (_Tan Afl’wt M:]lt and tl)e MwM~lrcs I-Ie(jan,

~~be Mse of an air burst there will hC
,rfiDr particla of dust in the airaud

t{} 31 il)illfize l’;xposure. &port whlcle for the radioisotopes.
.

])r. ])(l]]l)ing, we I1O(C f]itt you ]Iave a distinguished bio&
“Dteose heat melts or vaporizes large

mI(l ~0111, L)i{};t.;llllly.lvill also be inserted with yotir remfirks.
,10 act ns carriers for tile conde]lsing ~:
,00 ~wceps this debris m nud ar[mn~i 1

‘1’])[: {’ollllllltlre Jvlll ~C ill OJX1(Y. ‘J’lle aco~lsti~s j]l tllis.r~ rt,;lcllcd and the lmrticlcs c(~ule in
Sui,x(]uerltc,,t,lilig r(,s

T.{.IJ, 1}:1(13 ;In(] }VC will ask OJJr gue.+fs to be ~S (I(l]et :1s posslblew~ thin n]]d on t]le Snrf:lccI

c:III]I(wr. l\'c\ri]l:\s]{ t]lc\~il t]cssto s]le:~k (ll)i~]itt]c b]tloUder

(IxII:II ill llistestil~lolly sotlmt n]] tllel>coplec:lll IIear.
O percent of th{w fslr[’

Of these, Probably 1~’ss th:ll

w ;.:thr SItc of the deton:~ti{ln \vi[[ I)owu

STATEMENT OF DR. GORDON M, DUNNING, DIVISION OF BI() ‘$ ;’ r

!

?wll su;ti.ciently high tenlllcr:ttures t

AND MEDICINE, ATOMIC ENERGY COMMISSION $ ,{”
~,j~r~.,rcl:lt!~ely cooi, soil is a Iloor scat
~~ blgb yield weapon de~onoted nt 1

~ ~~~~resulted in a crater m the coral

1 )r. l)u~x Ixc.. ~Iq. (~llaitmmn, since the:e is so Inucll relevant “. ~} Altiwugh a minor factor in the t

ri:l] on tl]]s subject, lf lt ple:lses tile committee, I wolild lilie t,o Su . ~pre:>i(~[lof the coral by the Mast, pro

t l]c lnt lLer volunlinolis written report for tile committ cc. /@ierifll were dislodged and thrown in.
lit’]lreselltatire 1 loI.lrIIXfJ. N’ithout. objeflion, tll is report and~

“~Prodoced for a detonation over cent

Iv( t CI from I)a\-i(l ‘1’. Slla\v, Assistant Gel~eral llal}a~cr of the ~
: poer:ll tile eff=ts would be similar.

\vill 1M2 received for println~ in tile record. and YOU m~V give ~
DISTRIBUTIONOF B.kn

su]tllttary nsyou feel IIecessary.
(r~lie (Iocunmnts referred to follow:)

R.\Tn.\’I’loss FBo\t FAT.LOC-T.4SD TIICIR l;t’Im’’I’s

(;, II, II III 31. l)olil]iug,Division of Biology and Medicin[~, United Stntes

.~ I:uergy Coru[uission, I\-:ishiIigton, D. C.

I’OI:M.4T10XOF R.\DIO.(CT[l-EP.lRT’IC1.lS !
,.- ~Ornominal bomDs (m the rttnge of 20

.,~ ,~ .gtare the tropopause. (The tropopt
;’> ~:~~lentairflow of the troposphere and ;
P .-I,n]ent air of the stratosphere). The c

~:e into the stratosphere as illustrated I

At,
~ljon during Operation Ivy Jn the fall o
~cIou(l had risen to 40,000 feet and 10 n
~ ~rer 100,000 feet. l’he smaller part
~.e ~nIy ~ery S1OW1Yuntil theY reach
,-i rai~fall wiIl cnrry th~m mu(’h more._—

At tIt(, time of det(ma tion of a nuclear weapon, about 60 di ffc, rent isoto~ str:itospheric storage is uniquely
f<~rlll(,fl, r(,llr{,scnting some UT elenlents. Jlost of these give rise to decay cb} 5 Present there is enriched in str
(.,,tisi.stittgof sercra] is{,l(~lws so that there may be 170 isotol)(,s produced e! g-term hazards. This is becnuw

tu:ill.v. “’3
90 with a half life of 25 seconds

1)1 torII)s of ac!irit.r, a l-rnrgnt,~n deton:ltion (1 rnilli,m t~llls) m-r equir~ m in the firebali for the oxides

C!l(rgy l)rodnre(l t~y tission of at<)ms will resuit in nho(lt 300,000 mexacuri( ‘ti!feo inert particles, only a fraction of

r:(~li,~:tc[ivily.IIic:l.sl]red 1 IIf)!lr :Ifter thr I,urst. Iu ad(li!it~n there may be pre! tqp[on p:lrent is largely carrie(l into the

il!(lmwl ra{lioact ire iw)top(,s resllltin: fr(}nl tl)e IY.acl ion of n(.utr( )US relea~
~:lOUt { \yjthin several bundrwl miles

tli{,[imeof dctonatio]), with IJaturnl mnteri; ils such ns soil and f~ater. (A fu fiwatium 90 while at more distant area

r{,:l(.li(lll ]Iroduces no ra(lioactiye SU!,St; IIK.(.s dirt>ctly I)ut OI:ly C: III,SC iu(fu~ activity placed in the Nr:ltospll(’]

1i}i]y II(,tvlllse of it.+ rt,le;lsc of neIItr(IIIs, ) TIIC tot:il r;iditxli.tivi(y of tile prod ne general latitude as the burst an

f)f :1 tiwi(,ureaction \viilgrc,:ttly {,xcw.(i that of the activity it](luced in the SOI
1) :l!t, r,

me time there will be a slow diffusio[l
k more detmsition in the same hcmispllID I]]e c;i.w ~yl)(,re fhc Jirwlmll clmrs the groun(lt tllcre \Yili be a ~~kr$t ~ccurr~ but after many months

ti!(l. v SIII:III lwr(.{~!)t:(gc of tlm totil] fis+ion I)roduc’t nctivity (1(,]),,.sitrd arol
grI)I)IIIl z(,ri}an{J t]){. )]1.l)tr{)ll-itj(l!lc~,d ac[ivit.r IIr{JlsIl)l.v will be niuch greo wr~lly uniform o~er the entire earth’:

illllvl>l(%r,1101112of t]lc I]ciltl,(j!l-il)(]tl(c.(1is,,tulb(.stl)jltn)ig[)tlv. IBr,,,JII,wd jn
10to 2(J pcrwnt of the activity reulaini

j)l(.(i;ll~lt.on:)ntit i(.s)I:IJc ioug h:llf.li~-cs. Jt3r.

Sht~rtl.r :[ft(lr a nll<,lcur b[irst, sonic of tlte r’udi(~iw~(ol){,s c,~llll)it)c. \vitb ox; The distribution of the nenrh’ f$lllo

t,) f(,r III J)(,g;ltij-era,li{,als \vliilc tile h:lli,gt,lis f{)rm Ii:ili(les !vl)i,l) ((mibine I mid 1 from high yield weapons det onal

1Ije S( rt~llxly (,lc(tr(llmsit ive elem(.uts to f{lrm Conlpt)lllttls. ‘HI(, IIOIIIUCrises d
ma] principally by prrrticle size, iOiti

i

cd structure at yarious all it odes.:1,< r:ttli~~kryliloll at)(l r;ldit~xeon rc.[uaiu io the at(lnii~, .sl:ilt. (llltil III(..Y dway,
t.,.? p;lr[ icles Tvitbin the Stelll and C!C
t! II,P1,(,1,,1),the n~ture of the surface ~

x 11.its, ;813,11,1:(<.,,of I,iuth: S,,)bteu,lwr]1. 1!)10: C(,rt);tll<[.~. y
‘1’(.:1<.11(.l’s(,,,llt.~,.,

l.’,l,8,.,$8,>”.
(’ortl:,,,d,N, Y.,1!,2!1:::;: S*,Y York [’,,fy,.r51t.,1:

try(If~llnterifllVfiporized. There nre u
‘J’rzlrlil,rsCI*IIVZ*.,(’o,rtl:bll<l.X. Y l!):{4.:iti\l s ,S,.11,,,!,,, WW!lts one ~encr:llized CoUCCl)t Of HI

tiw(] mav be 100 miles in dinmeter tt
tr,tILIIe(\,‘~,lt r:it],er is more concentrate
tie C:l,U,I.

,:, ,,, U>IS!,!III11411 1,.! 1111 .\(8111!l, l~tlt.rg! (,.,!,!t,!.sit,n,)
The in!l(lenceof the wind structure a

!

I

~m (,f t!)e ,)carby fallout is qualitative]

,

;,
‘,
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,@h[er iSOtO1~ ~!ll~h cnn fOr:ll an Oxitle or hn]ide, lVith the rapid coolirrgof
there ls.cOndens:ltlO~ Of th@ ~ot(wes and inert materials.~ fi~bah

,n ~bectse O; an alr burs~ t~crQ v.:~11be amdl~blc only small quantities ,)f r(,In.
:TCIFfine part!cles of dust m, tile alr and drbtvs from the bomb casing to act as

~nsxmt rehlcle for tbe rndm!~otopes. N%en the fireball Intersects the grmlnd. .
“.. i~ren~e beat ~?elts or ~aPOrl~Qs I?we ql:antltms of soil and transllorls Ih(.m
~,fi [o ~ct iIS car!!ers for tjle condensing radioisotopes. A chnmctrristic toroi(la 1

.,(,OII s~~eer)s ‘h]> ‘ebrls ln ,fil)(l ar(’lI[l(! the fiI’~bnIl ~h~>re the mrlting ten]twr:i-
,.@ :$ rcwcl~ed an(i ‘he ljartleI~’s ~t)u)e In contact ~vitll tile fission prmlnrfs <till

Suhscqnellt wmling results in tllc r:llliofictive ist)toIK>s b(>cwnl-“ ~1.<<lOs f o ~nl .
~ ~.=,>ci:lted n-itllln and On ttle surf:lce {~f the part ich>s. It has Ixwn cstim:] trfl

~: fw 50 tO ~(~ Perce*lt (’f tll(’se Pflrticl~’s nre i)ct~een 50 and 1 ,(mo rniculns
,j:::r]eter. Of these, probably less tb:ln half of the larger particles falling out

~..: IbO site !f. tll~’ ‘i~t:)]lotiO1l ‘Vill Possc>ss alw [let i~itY. since nmt pfirticlcs willi.
.: mch su@eu[l~ ‘l]@ .tc’:l] pc’r:itllres ‘(~ lnc~rN’rllte the r:ldhxwtive n~:ltc,ri:lls,
.:,1~:y, reIati~ek c’o~l, soil IS a Poor scavenger.
me high yield. WeapOn

1

detonated at tbe l%citic proving ground in the fall

. I:,;2 resulted lU a crater in the Coral nearly a mile in dj~rneter ~~~d 1~~ f{,ct
~p ~Mough a ~lnor factor in tie crater pr~ductlon might have been the
~: ~e>sion of the coral by the blast, probably more than a hundred million tons

. ~s:erial were dislodged and thrown into tbe air. The exact results might not

. wprod~lced for a detonation .o~.er continental lnnd areas or built-up cities but
~aera] the effects }Vonld be slmllar. —-–

DISTRIIIUTION OF FLH)IOACTIVE PARTICI,ES

F.,r oorninal bombs (in the range of 20-kiloton yield) the atomic cloud will not
_ ~tnre the tropopause. (The tropopause marks the le~el below which is the
.r!m!errt airflow of the tropphere and above which is the relatively stable non-
.~tdent air of the stratosphere). The cloud from a MW yiekl weawn will Ene-
-s!e into the stratO~P~lere as illustrated by the photograph on page 196 of the det-
aa!h,n during OPeratlon IVY in the fall of 1952. TWO minutes after the explosion
,r dmf had riSen to 40@0 f~t and 10 minutes later neared its maximum height
, orer 100,000 feet. The stnaller pa~~icles carried into the stratosphere w-ill
.-t:!e only very S1OW1Y Until they reuch the troposphere where the turbulent air
-,! rainfall will c:~rry them much more rapi(ily to the earth’s surface. ITMstratospheric Storage is uniquely sifmiticant since the mixture of radio-
*FS present there LS enric~led in strontium 90, the element of most concern
? long-term hazards. This is because strontium tM has a gaseous precursor
rypton 00 with a half life of 25 seconds. Thus, nt the time when conditions are
pwnum in the fireball for the oxitles and lmli{lm to become associated with
nlmn inert particles, onIy a fraction of strontium !)0 hn.s formed and the gaseous
rf’pton parent Ls largely carried into the str:ltosl)herc. !llis results in the nearby
dioct (within several hundred miles downwillll ) being partially depleted in
!nmtimn 90 while at more distant areas will be enriched.
The acti~ity placed in the str:ltos]>herc circles :Iml recircles the enrth, first at
* uime general latitude as the bllrst an(l then slowly spreading laterally. At the
uae time there will be a slow diffusio!) into the tropopanse. Initf ally, there will

● more deposition in the same hemisphere ( nort I)ern or southern) in which the
cmt occurred but after runny months tile rmte of deposition may become more
fiwmll~ uniform over the entire (vlrttl’s s~lrfnce. In terms of strontium ~ about
“,m 20 ~rcent of the actiyitr rclwiinin: in the str:itospbore may descend each

*r.

The distribution of the nearby f:il]<,llt (up to several hundred miles down-
M I from hjgh yield weapons detonntcd near the enrlh’s snrface will be deter-
.M-! Tlrincipally bv particle siu., initisl position in the stem and cloud, and by
● u icd structure ~“t yariotls a[titudcs, !L’he particle sizes and the distribution Of
<V :,;irtic]eswjt~jn the stem and C1OUCIare principally functions of the ~ielrl
‘ t!.,. t. ,1,)1, t]le nature of the sl]rface over which the burst Occum and the Wan-

‘T C’: nmte;iril vaporize(l. There are uncertainties in onr knowledge but figure 1
w.’. (s one generi~ljzedcon~pt of such an initial distribution. Although the
“:1 M:ir ~le IXJ miles in djanr~ter the actjvlty probably iS not uniformly dis-
.L..!,..I ‘L,lt r:ltl,er is nlore concentrated near the central and lomer portions ‘f
* .:~,w].

‘!G intiuence of the wind structure at rarious altitudes on the ground distrihu-
‘. ( f the ne~rby fallout i5 q(l~litati~cly represented in tigure 2. The last sketch
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OM CS:IIUI’le Of,went’’cri”F ‘Kcc$ ‘as after tile ~f~rch L 19.14 fawt on the
,! O$A:ll I 1s1:11111sIII tile l’~lcI~c. klgure 4 S11OWSthe gamma dose rates on the

~.lllld of l~l@a[) ‘~’er a ~crlOd of nboUt $!~enrS3. In the first 10~aY~ when ~lle
~J1,,ls !~erc !@t nn~ ~llere. ~as.no rainftill, the decrense in ncti~ity~n~ ~ollgbly
~,i,$i.tc,Ut!VlthkllO\Vn rlldlOIOglc:[l de~ny rate. The break between the 10t b aud

;.-,ttl dlt.r IUI<lo(lt)tc’l’? ‘rl’r:se]lts the effects of rnin Which was known to have
1, ig{lre 4 fWggests, however, that nny f[[rt]i~.r redl]~,., ,Irrcl(l i!) th:lt permd.

:, !, ;I, ~(l]i[:ll}lil):llioll bJ’ r;ilufnli WnS siig~t.

,1II cY~lII:lll~ of the e~cc’!~ ~f ~~lnd$ occurred after One of ti)e nllc]enr detol)a.
I

: ,,,lS ;It tl]e Aer:ltia test site In 19i3. Strong winds blew almost at right angkw
., ~,,.~ :1 narr(l$v b:lnd fflllOnt field on the 2d and 3d day after the det<mation.

;IW LMIIJI];l ‘“se ‘ntc: ‘it ‘], ‘Cct above t~;~ ground on the 4!h dnY were ies.s thnn
~.{.,li(i~tl, b? tli~’ rela~loJ!Sbl~ of (time) - “ by fnctors ranging frOm 3 to ~, ~hile
::,. :I(tll1!3of tile soil ~.lnlIjl~s collected On the first dny and tnken into t])e ]flb-
~,1I,lry clld dC(’rl’2SC a]qmxmmtcly as ( tlrne) ‘l.l. This effect of winds would

: i II{ CXIIW!C~ to bC ns,~r~~t for large contaminated areas of nonsandy soils.
t“:iltul:~l ions ‘f ‘}llcld L1)g n.nd attenuation factors for different types of xnate-

~,.ll.. ;IILIItlle~~retl~al cal~ul:itlons for ~nrio.us structures nre plentiful ( references
, ,.r(,[lu~l 11 ) { t:~l)le 1 ) I but more l~orm~tlon bnsed on actual field experience is.!
~,,,,(IC, I. Limited data ~~”ere obtained during operntion Tenpot (spriog 19X)
mwc fill]] tM@W ~Cre placed inside and outside of buildings for sereral dnys.
T!IL r:l[ i~~(If o(lt-$f-d(’ors to indoors doses ranged from 1.3 to7 with l-room frame
! ,lJI,IjIIgS ]Jroridm.g the least attenuation factor and multiroom concrete block
! :il,lillg~tllegreater vnlues. This program will be expanded during Operat[on

J’hmIllbob ns ~~ill the P:”.grnm of estimating Personnel extxmure bY having a
I.lrw u(lmb~r of l~eoI)le ll~lng around tbe Nevada test site wear fltm bridges tfur-
ll,g and following the test series.

5 (;omo?n e?lergrl spectra

‘I’M rehlti~e biological effectirene=s of dHfering energy Photons and their
T,,ryiug(ie]ltll-dose curres has @en shown for X-rays (12). Similar resultshave

rela I.WI IIII(:~iIIedfor mmm~ rays ds ilktrnted by one set of experiments (13) using
! aft t ]rr, ,s v here there ws n shift of LD 50/30 values (lethal dose to 50 percent of

1III PSWW1 nnirnals nbo died In 30 days) from 684 roentgens with cobalt 60
, I 2-, lle~ mesn energy) to 5S5 roentgens with Zr-95-NB-95 (aO.7 Mev mean
Io(,P<.r) The ITammn energy spectra from the mixture of isoto~ in fallout is

cdn r;},it(, COInl Jh,s and is further complicated b? the presence of scattered radiation,
wai ~ il h its lew,r energies, mixed with the dmect radiation. Figure 5 illustrates

:IJVr~ti!llatcd g:imma spectra at 3 feet above the ground following the detonn-
‘ unttJj l,,>) of lI:~rcb 1, 1934, at the I’acific ??roving Ground (14).
It Sstlq
). ql 4 (; Cl,ll!Ct?~ of tll C 80 U1’CC

4

c faII ‘1’lw geometry of the source cnn make a signitlcsmt difference in depth-dose
1P { crrcs an[i rt,sultant biological effects. This may be illustrated by one experi-

tij,, !::rntusi [I< swine where the LD (jO/3(1 valnes for external dose decrea.~ fronj
that @ .’~k} to :],;(I..Ioo roentgens wbcn the exposure was changed from unilateral to

4

Lere . lIl:IIer;Il (the radiation exposure w’ns tlrst on one side onl~, then from omosite
*IAS of tlII~ sul)jwt) (12). lVith a fallout field, the source ~robably would be

.%.’ n:,J:c r::(li:ll, thus a roentgcn as measured in air would hnre more biological
ec +,~(,(.t tl,:]ll {,,)e Kberc tbe source is unilateral such as from the imn]ed iate radi-

.$ r.lj~f[jsattileiristnut of n burst (although there k some scattered radiation), or
ime) fmm X-r:Iy nl:lcllines ~yhicll bnve been used frequently with unilateral be:lrns in

bat. ,< [l(,l”(,l,~pif)g do ta on Liologicnl effects of radiation.

It I)fis 1,,.,,,, ~.~,c,,~nize(i tl,flt, in general, the longer the period oyer wb[ch a
ciwn r;l(li:[tion dose iS dt.]ivere(], the less is the resnltnnt biological effect, ex-
,q,t f,~]. SIIA ,asllc.ct.q ns the ~.cnc tic efl_ects and life shortening. ln situations of
},! :IKVf:~lh,llt and rc,l:ltiv(.iy l:lrge potential radintion doses, tbe biological refmir
f:i,(or IU:IY jje Consi(icred in estimating incapacitating and Ic[hal doses. Since
! :l*t e~]l(,rill](,l)tsUSUCIIIVh:lre been desigued for other purposes, the dfltn from
t~w dI) not r(,:l(li[y c]u~.idatc tbe rn(e of rerm[r or the morwtiom of rer)nrable



..
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Ilklir, Smith, Sachcr$ Ihvklson (13, 10, 17, 1S, 19) Rnrf others ttave

oslcnsive analyses of existing dnta on the effects of tinre-sl~are(l dt}scs for

1

s]}twics of nuinmls. Generally, the recovery rate for l:lrger nurt longer!
llI;lnitt I:lls, such ns dogs, is signiticnntly less thnn for mice. One t~st imate

the Imlf-lilne recorer~ for runu as long ns 4 weeks (the tinle for one-tmlf
bi(>l[~~i(al ~l:]n]figc to be reImircd) (19). .:

Sillt,o (Ile estinlnted rnte of L)iologirol rccov(, ry for ll):lu is r(,l;(lively

2
ibis f:l(tor would hnre its greatest inllut,n(e where n ~il-cn t{,t:tl r;l{liatiou
wits dt,Ii I.cred ol.cr IOU: lK.rjo(ls of til*,c. ‘lI]is would I,c 1I]@ mse WINre &

4

out ott.llrred at Inter tinlcs :Iftt!r {lclt~ll:llittu r:ltllcr 111:11)tl{,swij] :Ireag w .
tile f;illtjllt is essen[inlly cou)l~l~,te in about nn hour after I lie I,llr’*t, :Ind
OIIClI:Ilfof rhe tot;ii Iwssi lrle dose is &Iirwrwt in the fir.. t 21 IJ,)OIX.

i

1,.
NI?,IR IIT F.\ I.LOUT k’1/OXf 111(;11 YII[,D \\ E.\l>OX S +*

.fs ao esercise during the X-ntiotml Associntiorr of Civil l)~tft,ll.-c Di f
ntct>ti]]~ io !Vashington, D. C., on April 13-17, 1!).37, it TY:is iiss~il]){,(l the 4
n’{,re firo[)[wcf sinlultaneously as follows: 20 u)cg:ltf,n on LIIC [ “niotl S

lVdsl~iltgton, D. C., 5 megaton on the Natiou:ll Airlmrt, 20 II]eg;lt,)u On
nlore, 31(1., nnd 10 nlegalon on the l’tltuxent I{iver N:iv;ll Air St:!tion. me
on Im:xe l!G shoivs that combined fnllont from (hc.sc 4 h{)[tths. Me ‘
rate lint-s are in units of rocntgcrrs Imr hour at 1 hour :Ift(,r det{m:ltio~l
this tinle csseutially fill of the fallout }Yonld hnre occurre(l iu tllcse ll~,:lrby”

Ilcc:lllitl,g that tile rfidimrctive decay is r:l IJid for this f;lll{jllt tl]at occurs
nftt, r {lt~ton:ltion, it tmconles evklcut thfit if ndequ:lte Ilrt,tcf.tivc :Irt,;ls are ~
nble it ~~oold be ~viser for IIcoplc to rcnuriu in l~lnce, rather tll;iu be ex
out of doors during the period of highest activity. Likewise, if n (Iel:ty in
nwnt is ljossible there will be more of nn opportunity to ev:ilunt e tIIC sit
SIJI{lto the~ affect fin orderly evacuation. r.’

Sill(,c e:lt.h situation will be unique, no rigid criteria will be l]rtlllil>cd lr&
permissible exposures or for mamhrtory evacuation, since th(,reIII:LYbe “
t’a(tor.sl)rcw,nt as potentially Imz:lrdous as radiation. I{lj j ]jt.r, t:)fJe a “

?!
rfcr’el{,l,cd to illustrate the kind of thinking nnd Ill:tnl]illg ll(,s>il)lcfor,~
dt~ft,lls(,. ‘Three levels of exposure to civil defense fvorkvrs arc >l)owtr. ,%
1(}JJe>t of 2,1 roentgeus is Lnuch higher than is pCrjjlit (vt] in IW;~t./il,,e, y& “rn~
]Icrs{,llnel \Yill retnin their full working capacity even fvitlt cxII{Isurvs up ti I
I’(WlltZ(LUS. ,.’!

T.il)lr 2 sllggc.sts sererriI points relative to rescue.
./ .#

one of tlicse. is tl~at hlg

tperl))it ted r;l{liation exposures to rescue crews woul(i :ill(,\v WIrlitr entry .jR
tl)e e{,tltal)]illuted nrea to affect first rtid nnd gcncr:]l rest,lle t~{,rl:. .\lso, ti’~
C:l>t, of relatively little protection to the pollul:ice, tht,rc $YOIII(I IW :L saring”~
rn{li:llif]n exposure to them. On the other lmnd, peol,te Iwlter sl){,lter@a
it lust rotwl in column Y, ~vould reeeire less tot:ll exIwure if t tley st:iyerf b @
I,rotectcd nreas until the out-of-doors ncti~ity h:ld tlww,:i.scd, :1n{l :1t the saru
ti[lle a (]cI:lF of eUtr~ iLItOthe Cont:lnliu:ltwf area v’ould r[,s(llt in ],.ss rad~ti~
exl,~,~llre to the rescue crelvs !Yho uligl]t then LW IISC,(i :)q:(i], f(, r f,[ll,,r n]i~i~

t) IsT.ix T .F.iL1.OuT r.\TIK[:xs }..ROI[ llICII Yl!’1 o \!’l. \l,(l\ s

‘3!
111(. (Iisctls.sion nhore Sllggc>ts the \virfe vari:lbility ],,,s.sil,lc. ill (Ii.. t:lnt fatf

p~tt(.r]]sfrom high-y itild \ve:IINtns nnd the great v:lrioti(,tl ill r:l<li;lti,,n dOSS
4!o]]e II Ia.V rt.reive (Iue to shielding and ~veutllcriog cffwts. ‘I’Iler(, f,,rc. the fo~

ing nnal.vsis is intendd to be OU1.Vn gcncrnlized one to illll~tr:lte the Il:irame
tln{l hoJv tl]t,.y Inny oIwrnte in deter nlining the radiation (Io>(,<.

4L’,~nsi(l~,r the case of fnllont from a high-yield weapon 1! II(,IC ~worjle cm@
to live ill au arra without nny sIwcial measures to protect thcIns{,lYtIs. A

d(fl ) for the first week following tile fu]lout, the rncn.ur~d ~:lnltl]n a{tivity
@.rs :I(l!or(]illg trl (time) ‘]2, for tile ~ecOnd ~~e~,k (ti IrJ(.) –! ~, ;,,l(l for ttle ~1~
W(yk tlll(l thereafter ( [jnle)~f, nnd (b) the shicldinx f;lct,,r ;~ff,,r,]c,] l,y nod
lmusillg will reduce the out-of-doors dnily dose by 2.i Iwr,cl]t. and ( r ) the hn~
time {~f re[mir of l)io!f,gicaI lnjllry is 4 weeks. I’roh:llil.r ntI (If til(.se ;ls<llmptio~
are c!,ttscl,vative, i. e., they orermtim:~te the hazard. Ikls(,d on tll(,..c mSLIDlt
tion+, tigure 6 sholvs the dose rates nt time of fnllout or ~>lltry i[lt~ :(,, ar~ M
nli~llt Ilrollllre 2n “efYect iVP Itio]ogiral dose” (the tcr’rn ~iven t,) I II(, radi~~~
esl\{ls[rre :1<(.(,r(lilig to 111(, :IIMIVC nssll!l,[,ti(~i]s) of (,IIC ,,,(.,ltg,o (~~).

t!r Il!np.
.fsone tittelrlptsto extrfl,

I,{IIII,Sstillmore difficult
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~,,1) may 1:~ ~xt~fll~’’’lotellto otl,e~~Qn(,fng~.
E“or rxrrmp]e, if n fallout begios

~b,,llrs ~ft,:r tlcIOll~l[l’][l ‘111(1 lllc,lltls~ lSte at tll:lt time is ]~ r. per hour, about
g; r. (~R~CL1s,fb:L)l{l~lc:il ‘l{~u). ‘V(II tK!nCCUOill)Ut~d l}rovi,]~~ l,ers,,,)*~~l ~O~(iuu<,~
:, ~1,c ,l,,UUI:IL,J ]n the tout.~ul}n:itcd urea. This lSCOlllllUtC(l ~SfOll(J\VS:

10

—=G7
0.13

1[ is fr:~uI~!Y re~’’~{f~~c<l tl]nt ill W’ single curw such as that shown irI figure

(, [Ilf,rt’ fire lullt~rcut fi llUUlbcr of ul~/Jertnintir& Criteria based on deliberate
f[),e S.O]CY;)U[d:itn, !],~\vc~er,Ill:iybe more ralidtllan tliosedcter[n{ned

‘ll.ll?+~o
~.,,l(.~the duress Of fln eumr;cncy sitl,ntion. Sl~clla simplified grapJl mdght pro-

,,{!,t r;~[li,dl’giCflI monl,ror~ \YltlI n quick, even if rough, estimate of the potential
~:z,,r,ls and thllS :l~~l>t in, m:lkin~ decisions on questions such as evacuation.

, ,il:z tiy[re t;. tile Kle:IIIzed fallout diagram on page — was constructed to
~,,,l+lr:l[e~ ~,,,~>..il,lc[Iattorn fr~~m D single high-yield surface burst (20).

‘me tf~~~inllerl)~<]st ‘Sodose Iirlcs sIlown ~creseleeted to SWIWSt rerglonswhcre
,d) ~ ~~:nihc:l])t pacwtsge of personnel might be expected to die (4Wl r.)

,:d (b) o fy tl~r@ntto.~~~~rllcill(100r.),assumint?continued occupanw of
w+ flr(’~~~$~.it? no $Peelal t~r(>~ectl~e n]easurcs. l’bese p+xcerrtages would, of
,,,,, r+(Z.ri.~. Kitlllll IIle ellconlp:lvd ticens. The50r. effective biological isotiose

IIIWIUI< 11[1 lll)i’~l]e ‘icllifican~c. I;ut suK&ts tbe IuwWtu(leof dose which might
~a)l for e:o~rsellcy ulc~~urrs rrxairrst rwlmtion exposures even in tbefnceof other
~,i..j]}]e h:lzardx. Tnl~Ie 3 shows the approximate areas encompassed by the

thrre i>o~l:~=e lil~~s. For areos where the fallout occurs a few hours or more

f,,ll(,winc detountion, ninny days or weeks will be required to accumulate the
rmjor r,(’r~ion of effective biolwicol doses, so that spot decisions involving ad-
,Ilti(md h:lz:~rds ll~ixl~t Uot l~e necess,lry.

‘i[)eqll~>-:i~~ll is fr~uelltly asked ZM to the timcone must spend ~ithina sh~lter
(r r(nl:lill (,tlt~ide ora contnn]in ated area. The auswerdepcnds upon n number

<f IJ:lrnl!l’. ‘er~, such as the criteria established for maximum permissible dose,
r. NCI! o= IImnsthof stay wi(hin the area of contamination . With knowledge
,f t!){, m:l=n:turc of the rndinliou levels present and an assumed rate of decay,
(l)J~, it is Ill)ssil)le to IIkIn snd execute a short stay, even In a highly contami-
,:{tctlar~>,l. l`lal]x]illg forco[l[intlotls occ1]p2ncy requires more extensive analysis.
Tt]rfollfl>’.i!]z{lal:l mw ai(linsllcIl evnl{lation.

‘lW f.~!! )ut Inflp (idealized f:lllout disgram on prrge 106) and tal]le 3 suggest
!lodcgrw II? rndi::tilln exposure received in continuous occupancy under nornmI
I.Iinsw,!.,~!:i(msbeyilllling with the time of initial fnllout. For those entering
IIN,cor!t:ll:.iilatd zmle 4 months rrfter the first fallout, howe~er. rrnd then living
[Ilt,re in!l(:i!litely, the arcn encompassed hy the 50 r. effectire biolo~icnl isodosc
lmc will !.:IYC shrunk from about 2.3,000 to 2,500 square miles. At such time
(i montl!~ after f:lllout), rrn area of ahout 1,000 square miles within the 50 r.
f.,,1.e Iil.e nii~ht hare the highest resi(iual coutmniuation, amouuting to nilout
SIimrc :!. E ,lncsrfltesnt thelwriphery. The 0.3r. pcr Week, otrt-of-(loors, iso(inse-

::IIc li:]c u.igl]t exlcud to shout the same position as the line marked “50” on
!!.0 r!!fi[l.

.is one r.ttcInllts to extropc,l~te such data to 1 yenr after fsllout, the nn:~lrsls
l,m,m(.. >:iil II),)re{lifficultar,d uncertain. TIw data sngxest. bowcwr, tkrt if
rvlllm i< ;, ~.stpollp,l to 1 ye:lr flfter fallout, the 50 r. effective biological isodow line
~{ill })2!-,> {li<:lplwnrrf]. On the tmsls of tilew conserwtive estimates, tile 1,000
*’lll:lr’e !:.I’(Js of hi=hcst c~~l)tnluinatitm might i]nrc an ont-of-doors dose rnte (Of
llt,(,ut .! r IXN ~vock nfter 1 .y~,:lr. Similarly, personnel might occ”71mulate a d,hw of
l!.wI ]1!:! r, fc)r tt, t. tirst -j.e:)r fol!owirlg their return, ,and .an n({(litil)ll~l 00 r. Ol”er
1)!,. UPX[ ~ ,-c~rs, i~l,l~.~,er){~e,]t Of tll~ [}ioIogfrfll remrery factor, It is to he ex-
1,.~i(,(i T: ~[”t])is f:lct,, r WOUIIi I)e relatively grcfit for such long periods of timr,
11’1!. r,,,’,.: iIIZ the cffet,tive i,iol,l~icnl (lose twlo\v 50 r. !f’hc 0.3 r. w ~rs’ek ol]t-
,,!. !,,, ,r.. !., ),~,),<t.y,~,ct . lilie ll,i~llt erlcol,l[tflss an rIrc.a somc~yl)at larger tilnrl the line
I.lrk(. i ;* II ~r) the Mnp f2n~.

F,r. !I (. fit, ct. :1s ~(,[ietif,, it is the totaldosererwiwi that is important, since
l,;,,~,:: ~ r, :,:, ir (I (.5 l,{,t ~l~!~,r ill sl[(,ll {,:llcnl:lli~lns. Accor,iiUgtO thccon.wrv8-
: .,, ,. .,. ,, r<,, ,,f ~~{,:]tl](,rill: :111,1si~it,l(lill< n<t.<1:thovo, possibly s~$ver:ll huuflrwi
P,{.,jf:,,: . n,iuht I*, (l(,livcr[,,] i]] the :Irc:lq of heariest wmtnminntiont from the
[:.(I (,f i~(, lir+t ~(,.lr ~ft{, r ~Ilt> f:(llol,t ~,c~.urrQfI unti I tile r:ldioactirily h:ld (lc-. .
lr(qw(] ;,, ,,,<.~l~tjoll~- zero. li(~lvever, the fore~olnx nnnlw= are based on w$~i~-e
:, :,r,. . .. .. ,- ~v not (:j)ji))g jII!U:L(,,,,unt1[IC:lcti(,ris(If Iwrst,]].s Ihrmselves in rcdlic -
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I y,,r c~ril-def(’nse purpoxw, ~
full ewluntion of the whole environmental con-

neded, especially for the cases of multiple, overlapping,“nliunnoU problem is
,tllt,L1[ patterns frOm ]U:I[]Y nu~l~~r detonations whkh might occur under wartime

ExTKuXAL IISTA EXI>OSU RE

“,l),l,(.s nftt, r f~lltl)ut.
TI,C Jl:lrshlllq were semiclothml, hod moist skin, and most of them were

,,llt.(~f.(l,){}rs during the time of follo!lt. Some bathed duriug the two-day ex-
pw~e, Iwri!d before er~cuatiol:, but others did not, therefore, there were Optilll:ll
,,MI)I)oIIS 1]~ general for possible beta damage. The group sutTerirrg gre:] test

PX]lo.sore sll,)t~ed 20 percent (U individuals) with deep lesious; 70 percent (43
,t~llirif!u:lls I snwrfici:ll lesions; and 10 perceut (6 individuals) no lesions. Like-
miw, 53 pvrcent (33 indlvblu~ls ) sho\wd some degree of epilation followed b.v
I rugrol~l h if the hair. IIo\vever, during this same period of time they received
~ NIIt)le-l)()!i,r Ksmnia dose of 17.i-rocntqcns-a ~alue approaching lethality for
. ,ijw of th ,W c~x-l]osed. These datn, together with others, indirate that the
xferml] xomum rndiatiou would bc the controlling factor for making such d{, -
.i.i(ms :], TII rmcwrtion, olthougb recognizing that any betn exposure \Yould be
Iu:l(l(liti(lll(i bo(ly illslllt.

ISTI:IIXAL Exrosunns
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.:.:izlrc dorjoc th12tiw of $=tiw both 11.ysnrfnfe ships nud by nircrtr ft. Slnrt-

,C. u ,Ifiys wor to n \@t(}llfl!lO!l: tk swl~ch is interrsitied j]) L]!e sect{)r of ,)roblihle
~~l},,llt.If flUY :r:ll!s~~int S1)IP IS lycnt(d In the warming ar’,a, ~t ja ~dviscd to leave

,, :i!e dctOmrtmn M d~l:lre~l ~lntll ft [S cle?r.
‘r”~.::!y nl:llllll’(1 \Y,:~lti]{’r :Illd ftlli!>llt pre(ilctjon Units nre an intpgral ~firt ~f tile
,2.K f ,rx,c c{~ll(llletlll; tile tests. Siuce the lrrrgc,r detmintiorw in the I’acific rc-

;. ,:.: :ld{lili~~ll;ll inft~rnlflli~~n on th~ llm~er ~ir+ nc~~ tYI~~’s of tli@l-nltitllde 1):11-
,,,,.. find niix~il(+are IIse(l.Nine w(,:iliwr st:lti(lns nre estul~lisltcd hy [I]e t:lsk

! ,: .> dllring t]le t~’s~ seri.w on isl?n(ls nronnd the site, iu riddi(ion to the eight
~,~.:::,r \vc:ltll(’r sc:~ll{)lls 11)w~’ration (In other i=lall(ls.

.~f:~,r e:lrb (1~’t{~ll:ltl~rl, flirmft tratk the radioactive rlir OUt f~,r SQWKII ll(lO.

,!.<. i nlileS. (It!wr rrtrcr:tft, withspe{):ll monitoring e(illipItlwlt fiy over l:ilirt

s?,.! .e:l al’cas tO mt’:l~llr~ rlllr r(wdo:l) c{),lt,q*~infltioU.

T!:NW1l ‘llC C(’’’l)r:ltloror’ “f ‘“e L1]it(’tl stflt~s I’lll)lic He:~lth s~r~k tr:line~
., !,:ir)r,$ ,y~>re I,rt, wnt (luring Opera ti{m ftedwing ( sprinbr 193(; series) On tile

~. ] 2!.’ItLWfislands Of \VO(h(~, Uje,t:lnx, fl[,d Utirik,
S< would k ev+cted, ttie dc’111~(’:iti~~nof fallont patterns in the wide esrmnw

,.f ~!.r Pscitic is difihlt. For the immediate monitorirr~, aerini surveys nre con-
?utomnt ic equi Imwlt are fd:wwl on lnud areas, nnct~...:d as n)cntimle(~ aboro, .

~ ,..:iety of sliip<, skltTs, and buoys nre utilirwi. E’ollom-inxewh test series, lrrrge-

‘ x:? radiolWic~l and bioWieal snrw-s nre mnde. Dstn from these surreys

:OT.. been SUl[lnl:l riZd by the (hlllli~sion in a {iOCUU)~Ut sooo tO be I)Ublisl@ 1P?
~!~ Gorwmn)ent I’rinting C)113CC(QI ).

J

T:e x-e~~l:Ia t~$t s!te cOr~rs an are~ of nbOnt 600 sqnn re miles, with the nflja-
,-,:.: 4,000 sqnare ullle$ bevw ~ Cnitcrf States Air Force gunnery range (24).
. .--, ,unding thi,w,. ..- rrrras are wide expanses of sparsely populated lrrnd. k’or
~er.r:~l snfety, ss n’cll as security, the .Xevada test site is closed to the prr!)lic.

\, ::.]] nnd sllrf:l(~’ survw are m:ldc to insure thrt no persons or animals wnn(ier
,:,:., tl]e nrca. Ih.tr nuclear dctountion is publicly irunounced nhead of time.

.\.. 2 p:]rt of the test organization there is an fidrisrwy prsnel of experts in the
cP..:5 of biology rrugt mwlicine, Mint, f:dlout prediction, nurt nletf?orology. A
~ ~.,+ of xntw! il~gs i.4 held Iwfore the firing of wrch shot to weigh carefully rrll fac-
1<r- related to the snfety of the ~ublic.

A complete wather unit is io olmration nt the A’cvadn test site, drawing upon
n:. (,C the extcusive data at-rrilablc from the Cnited Strrtes Ji’wither Wrrcrru and
:!... Air lVeltlmr Service, P1OS six additional weather stations ringing the test
s...> These (iatn are eratunted for the current and predicted treurts up to 1 hour
~. f,, re shot tinle. A shot c:ln be CaUCCled nt .an.r time up to a few SecOIK?sb~f{lre
::-. scheduled detormtion. In the pnst, more than SO postponements hrrre bceu
z..rie due to unf:trorrrble wealher wnditiorrs.

Swerfil measures ha~e been used to reduce the radioactive fallout off tlm test
s:..,. First, of course, only small nuclear devices rrre tested nt Nevada. Since
tt< gre~ter the height of the fireball above the surfiice the less js the frrllout in
r...’: rt,y arens, the test towers have been extended to 500 feet, and during Opera-
w.n Plunlblmb (spring 1937) there will be at least one 700-foot tower. Also,
a zew techniql]e of using captive Lmlloons is being (ie-reloped. Extensire tests nre
t--kgcondu(,[e~ to rfetcrmine tl)efeasibility of detonating nuclear derices so for
‘cr. :erground that aII of t]le rn(tioactire material \vill remain captured and thus,
c! course, completely eliminnte any fallout.

I>rior to Qach nuclear detonation n warnin~ circle is established for airc,r:ift,
~!-~:rte(i to provide control of nrrisl flixhts lTithin the area of ])redictect path of
~~.- Itomic cltmd. A representative of the Ciril Arrormutirs Administrutiou is

..; gUCXIt{] tl, e [C.<t organ i~.mtion .an(I ,q.s.sists in establishing the controlled a~f’a.
T’ is m:ly tyl~i[yrlly cxttmd abollt 130 miles jn rn[lins null be in f{)rre for n pcri{)li
!“ !!I almllt II nlin{ls “n+]lalf hour to II plus 10 hours. All nircrtrft nre rcquirwl
: ~1.w.k tllr,,,l~)l tile Civil Acr,)nnlltics Admini. stratirrn before flying in this ar(,.1.

.~fter e;),.]) nll(lc,nr ~lrrst, nirc.rnft from the test or~nrrizntion track the CIOU{I
‘“ “i! it i,~ no lol)qer rrntlily (lctert:lllle. Itehind this come other aircrnft to plot
:. * fallol]t pntt[,rn on tl)r grollnd. ‘his survey is repcfitcd on D Plus 1 d:ly.

The {,ff.,qite ~),OnjtOrjI~g prO~ranl {lltrjn~ (t[,erati(ln I’lllnlllll{lb (sl)ring 1!}37)
~l.tr:lt(>+tt,~ ~ytpl,<j~~.cy.qt~,norg~ni~o(~notonlr to tnkr numerous rndi~)l[)gi{,:ll

~ -flS\IrC[[I(JIIfStl,lt,0).wIto-proyi(le cI{H. Ii:l ison w’ith [I)(. eitin, rl.s of nc,nrl),r conl-

: “Jnitirs. Tbe Atot])ic Energy Cmnnlission aml tile Unitwl St:ltcs l’utdic llwltb
~..rrice j,)il]tlrorgfi~li~(~,~prf,gr:lm\\-]iPr~.intl,eare:]snr,,t]l)(Itiletest site rrr{:

: ~Imed out ~nto 17 zones. A terhnicj]ll,~ qu:llifif>(lm:ln 11:1~hw assiw’~1 to
-’Q in endr zone. IIis d[rtics coil.si.st n(Jt (IUII (If rl~>r!l::lI rl,<,liiltlrirlg activities

I
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,.-,,~,,the r(,]lr~l{luftive(,~,llso

! ,.!,,,,P,.tll:ltl.-I()r{wl)tgems :Itl[lit it
li,~. x“;lti,~ll:ll (’{llllll)i[tcw on 1(:

~,, ,,;lllucmtlc’(l tll:lt, “The rnnxinlul
~,,11,Ifthe ljnil(>(lStates nS a I

~ , ,j,, Il :11:(1 (Itli(’r nl:lnnl:l(l~ sour(

;,.!!,.per nlillioll of p{)lmluti(m {)v
, ;l,,.~],ird tl?:~t nmount in well (Ic
:,), ) l,,lpul:ltl~lll group in which cros

\illl T n:lt urn I b:l(,lig round r:ldi
,:1,1,,, for Itl:llllll:l{lc’ so[lrces lWCWn
, f ,,:lc million. ‘l%is particular 1
, ,1,<. tlmt is, r:ldilti(ln doses t
, ,1,,,.,, re to only those cmtun unit if
:1,,. ~lerltest :lnlount of fallout (0.
,, ,,r. since the re.xular nuclear
:.. (Km!nlnwr~ K*11!xwls for 100,00(
l,i;ld;l test site is enlar~cd to ir
~. ,0; 0.1 rlwntsv’]1.s for the 6 yea
:P~~-{.ors. ‘his is one-twentieth
!. :,CV ou R:l(li:lt ion l’r{)tcct ion an

“1’]:0hi,dl(’stme:lsured conwmtr
.!,. >-w:l(ia test site was at St. CI
,, ,I]u[iil.qto :ilwrt 1.3 rnicrocuri
t. r I,eri,!,l.It IY:ISestimated t
1 :11-:wW:lS 1[,ss than that delive
J I t I, isololws in the air that -we b]

‘l’llr hi!rlwst measured concenl
. ,:,,. ! f,ff tlw controlled area was
, ‘ l!lfi~ alm,ll]ltin~ to 1.4 x 10-4
,’, :,):::!l ion. !t’his is onc.thirty-si:
,. ,t,:,. i(]:, r(I,l s:lf(, f{~rcootinllolls c(
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so In:~Ily roent.gill:

Imther you get~

the material inr~

at I was sayin$~
by. ycnr, and ~~

nt, in a sense, fr~
sibly for the (tii

ttty deep wate~~
al izccl area of tidi.
u would not n~
<e of allo~rer bodii]

X*

.stancling general.1~
in tl]e bones from

of fallout of Stroli
ited percentagdof
a 1it t le percentap
is somct I)ing like 6

[Iiii

xt point here. ‘}*:
.’, find not in teIla9

“*

.

-.,-. .,. . ... .. .. . . . . . ...- . . . .. .-” -------- -.. . . . . nr, -

,.. .
iill~t’. E lttl :1 ft (’r 2 ywlls of ~ollt inllowi occupancy it was rcl)ort c;l
r [I,L)IC I\(lr lIo l~:ill){)logical cll:lngcs that, colIld be ascribed to
,,.:);ICICII?. ‘J’ll,Jir I) OII,Ycont:iinc(] fro])] aboul 100 to a few hundred

. ,,,,~,i,,, ,I!,i[. S“.- JI](’Ctl)c areas of l)igllest contamin~tion were about

.; 101 } till)t’s grcalcr t Il:ln Iionqclap, nn extrapolation woulcl .suggcst
; ,]IILYill tllr S:ll,llc ~:lny’, that l?, if animnls had livccl in the nrCI of

~:t.;ltc+t Cl)l)t o,llllll:lt 1011 frOlll t 11]s fnllout, they m~~rht ]lav~ nccumu-
!,),{fro:]l jl iu\V tllollsnlld to several thousand units, of strontium 90
(]l(:l!lo:llr:.
J’]1,.l~il!ilic ,i;l:lnd soils hnw hi~llcr cnlcium content than ]oost soils
1]](c1 llltc~l ~t:ltC’S.Olld, Of col]rse, there nre differences in the type of

,:, .]”1’,~“LfIL ),c ilntl 111tile clin)nte. IIowevcr, theoretical calculations su~-
~ -i tll~:t 1he S:lnw f:lllout in the United States rni:ht result in some-
..:w like lo~~.~oo Sun:llinc units in the soils of the Unitecl States with

: r, hi,gllest co]ltaminat ion. Humfins living exclusirc].y off the foods
. . .l\,:n in tllrsc soils mi,cht accumulate I body burden of strontium 90
‘Td i’cw tllouwn(l to scvc:’nl tholmnd Sunshine units, keepi]l,g in mind

Ii Ii ‘~1~)is tllc. mmimum permissible body burden for atomic-energy
)11,.*..

~

(’1),1’ill!sll D[-llTT.\lf. Doctor, tlIc cflcct of a hundred roentgcns from
. c s i] V:OII1(l be no more toxic tllfin the 100 roentqens from the
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Dr. 1)[-SSIXG. ‘~]lat is correct. ~~]Icn we speak of CXtCrIla] ga~

we. ]]iean esscntinlly that cwch nnd every part of tho ho(iy re~i.
tills 100” rocntgcns.

l{e])rcsentative IIoL1mIx.D. ‘1’llis I can understand, but I cannot’;
(lcr>t il])(l how you can ingest mntim)innted foods or liquids nnd b
it :1[1’ret tliC body Ilniformly. >.

1)r. J)c-xxIs~. 1 (Iitl not mean to s:~y tlu~t. ?f I di(l, it is, incom’[
l:el)rwntntive IIoK.lr]tx.D. You did not say lt. ~ nnl s:~ylw it ti

qllmt ion or n state]l~el]t for clarification.
J)r. l)~-xxlx~. l-ou are quite correct.
li(,l)l(.sc]~t:liive II(JI.~PIFJ.n. A!n I ri:llt ill ]1-)Ysl[pposilio!l ? “:
l)r: l)uxxrx~. l-ou nre quite correct. \’
Cll:lilnl:ln l)ul:ll.!lf. n-hat l~c nrc saying, Dodor, Jvllc(ller it c&

froil] Sllnslli]lc or wlwther it comes froln st ronti~lll~ ~o. Ihat k, 1

~UIIIIIII:I NIy, it is DO dil~crcnt as fur as tllc c~rc~t of it: :1~ lf the Sa
d{we is t aliC1l. ..+

1 )r. l)rxxlxo. TI]at is correct, sir.
,.
‘)1

I.:i>( l:. then, I -would like to nmntion l)ricfly almut tllc tt~.~ting,’a

I do think wc lmre to mnke a sharp dcm:~rcatlol~ ill o(lr ll~ill(is that
II:LVC IIp to nom been talkin: nbout more of a vwrfnm sitllntion. I
illt ilnately tied up with this is the testing. .*,,

I-cry extensi~e efforts are expemlcd t-o protect tl~c pljblic in the pl:
ning of test nuc]enr detonations, and in the n~o]~ltorlll: pro:r~
opcra( ion cluring and between the test series. ‘lllcsc are drscribed
n (let :~iled written report to the committee previously. )?

~IIICC 1951, the United states has condllcted 11 series of nucli
~tc.ts, s at the Nerada test site, and G at the Eniwetok l’rovi,!g Grou
I for n tot:ll of morm tlmn 63 test detonations. A sixtl, wr,es is c

~ IcIItly u],der,vay flt Nevada. So I understood by the r(’port t

I
n]orlli]]g.

; >,

‘1’lIe ]Ilajor eilects near tlm testing sites of tllo f:lllout lvas on:j

inl~:{l)it:lnts of some of the ltlarslmll ls]ands in ~l:lrcll 19[}4, which,?
‘) ]W ,1is(l]+cd br others, nnd fallout on tl~c 23 Jap:llle.se fisherrn

J=--T-~~ol:l(llri(lc etl’&ts will be discussed by otllcrs.
~’iII(C t Ilc committee manifested an interest yestcrd:iy in t l)e fall!

~lcnrby, espcciolly in h-evada, I do lmYc n chart tl]:lt ])l:lY lJCof inter
to yell. ‘Ibis is our best estimate of exposures in aI(ws nround I

A-cv:i(ln test site. UC units nre rocntgcm of gIlnlIII:I (Jx]mslite. Tl

:11’(? lJ:IW1 on certain assumptions, one cf ~vl]icl~ is ~l]:it tllc total d
is this [in(licating] if one continues to live tllcl’c in{lelillitely. (f

rules for our perl)lis:ib]e exposlmes~ #

]\ot ]1 co:onlit tees-cxprrsscd in somcwllat (lilI’erel)t unit .s, both w
nlittees slid, in essence. tllnt for individual cxposu Irs tile IIlaximp
l)erl)li>>il)lc an)olll~t slIould be 50 rocntgcns 111)to agc ;X~. ti

l/(>prWClltati\-e IICII.IFIKLD. At this point, it IIli:llt be vel] for you

exl)lnin tl)e tcrnl ‘“,sll];sllitlc tlnit,~’ in relntion to roclllgl’1). Is ~

not :ill mklll):l!inl)nl IIni I of l~leasul”cnlcnt r~~tllcr tlI:(II :1 gI:I)L>ralpoP
li~ti(,ll Illlit IIt’ IIlt:(-111(1..tllt !
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QIIe::! ion. Il,,ivcoIIst:Intis tl)e rol:lti(m Iwtuwn air dose nl!,l tl,e biolo~~

effectivedose in view of the kUOWU gmmna rntfiation cncrgY L’hawes With@
.Answr. It is correct that the energ.r slwctra of gamma rndintion dose ~

~vi[il tiule nmi thus wili nffM the dose (iistrilmtion within the Mxly m,~
energy deliwrcd to difTcrcnt parts of the twtiy. l’urt])er, the enerry s-q
nny OUt? time is quite conwies, consktin~ of Pi)olons o~er a ~vide rart*. q
ctwwies, cxuy!t for iong tires after a dtwmtion when OnlY a reisttivelyi~
isf~iolws rmu:lin, such m (=iunl 137. All of tllcse do complicate the probl~d
cs[ilunting the bi(~logic:ii effects. lIo\~eTer, timre nre other varinb]es, g~,
wtmiheriwg Pnd shieldin: and dec:iy cmst:ints that Imve m went or prow
gr~wt(>r intlueuc,e in ttelermiuing tk effccti~e ldol~lgic:ii dose nccunlulatW~.

(.)Il,w(i,,ll. (’{,nll,are tile unnlllers ~leriwd from tile ( tlmr) ““’ law decay{~
tl):lt tlt,riwd fnml [lJCtilllliication of the till{,wug:lulllu emissions from the~
1)!,) (111<1s. ,=?,

.\lls,v(,r. TIw rel:ltion of (time) -l’ n-as intemlml to npplr to the nctuai#i&
lt,xrt\l i,,l)s of the :ltonl. \Ye lm~e accel)tcd tl)e mlc ,,f Iwt:l emissions as c]*

:Il}]!r{]xilll:ltillg tile nctllal disintegrations of tlte atom. IIowever, the ra~ d
Klllllll:t [lllot(~lls emissions to beta emissi, ms vilries ~~ith time (US do&}&
X: IIIIIII:t enerxies) so that the nctuni dccq of WOIIIIa dose rafts can d@IS
frt~tl] lII,L ( tinie) ‘“. ‘l%is deviation ]ml,fihly is nnt ~ery xrent untii fsevti
IIIIJIIIIIS:Ift[,r tl]e detonation, when tlworetj; :d calcuhtions iudicnte that the&
(.:IY is sixniti(,m]lly greater than (time) ‘1 his is shown in ligllre 4 of q
!} ii tIon r(,~)ort. of course, [,rcseuce of nny’ in(ll(crd nctivit~ C:IU niso r+ h
o tl(,Juirt llrc fr(~m (Iinlc) ‘“.

,y:

‘w”
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C(,1 {I(,tl 1[. l)llnning, 7’nited Stntrs Atomic Energy C,)nlnlissif]n, Divis& d
Ili(ilosy aud Medicine, Jynshington, l). C., Felmu:lry lfKXi ‘i& ::

,,.., , .

,,
,,3:
.,+ .

.,



R.! D1O.4CTIJ’E F.4LI.OU”r AXD 1’1S E1’F1:CIS OX 31AN 213

,,, ~,ll]sin. TWO. there is nIwrlys nu Cl(llwnt of d:lllger sud/or IIilrdsl)ipto ]w-

F<: PI). >!olmlrn! +=@ , mlmlhted to h?

I

>f!nl mum MWctlrr !,IoIocMI dmr th,ltmc.t t*w,cfl
--d followlwfi)lloutd 1, ,Itl: .7 s l.ww,-.. by Retofevnc(mtlon(Othcrwi+ CWLC1l.%KI’M!u d!not

be Imllmk’dl
I

\l I —.
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Tbmretl-
cal maxl- Aitenua- Efrrctlre E

mum dose tlon and hlolocdml hl

I!r%’-l‘“’’0’1“i:
(tmcdoni f4io]0F?id vmnther.

. —

i

{ w—— _

From t im= of Mout until t!me OIeracuntiOn . . . . . . . . . . . . . . . . . . 1/1 4
F’rmI IIIIIC of vYacuntlOn to time of return 1. . . . . . . . . . .p-v ------

1/2
314 ;; a 1)2 :-2

1.’.-.,, { itlle of *C~um 10 a time 1~ daVS a[ter ~lC~I -,. ,.,,,,
f,,lk,!ll ~. . . . . . . . . . . . . . . . . . . .. ,. . . .. . . . ...,,, , ... ,- ,,(,

1 I . !. 1 “,. I
as

trwu ,0 “...,. . . . . ~<a, -Jtcrhdtial fullwt -------- . . . . . . . . . . 2:3 ;;; I/d___

‘1’Ot:ll
.— —— _

.
----------------------------..-----....... .......... ...........-........ .......... ... .

I ‘Ttlis estimate k lxxwdon the concept that If ermwatlon w.ro not nmomplis}wd, then a cwiqin r@;
dmc Nould k wcumuhted owr tlw ]wriod olt Kue scklcd. ‘1 his tmlc p+rlod al.w rcplc.x,nts tbe raL
d,w m! cd ]fcvxwt”on wrc mwmplishrd.

1,1 II,> WIW of Q’IC Im. twrn mumlcd off to 1 ?.
~ This n.wmcs 11131 the timr of rrtwn occurs beforeM dnys. h prrlodof15 days W:IS .s<kclcd to pm

n<11$N141LK{m;ltltwuw.n tlmtime01Inltm]rx[wurefromfalloutto8 tIn)c1.rcwInter,TILLItdays
1111)<;11<>Igll!fir.lllccuthrrIlulllimovdmg :!L:,>*on Whichtovstlluafc11*CLIloloy!calfactm. L

—--. —
. . . . .
cci VW1 at the tissne depth of five centimeters.
IIt:lting the effective biological dose frool tilln b:
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Vwn) 1,5 du~s uutil 1 ycw afwr inittd Ldlout. . . . . . . . . . . . . .
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\CTI\”f.i I’.4LLOLT A3-D lTS EFFECTS OX hl.4N “ :

1s Illulr pointed out, the re:lctinn of (Iw d($g isumre re
“, longer lived animals.
(e attenuation and ]Ccatheri)lg fucf{, r,-~ro[n the time
> of e}-acu ation it is expected that lwrsonnel will ~
ria 11. ) Major iossrs {ille to wettfll~. riug c:luu(,t iM relj
!, so th.lt the estinmtwi f.~ctor is 1/’1, From the time+
eIXI ncromplished untii tile time of {L.tilll:itell return ii ~
ouei lVI1l be in(ioors nlxwut ll:llf of eil~ h 24 hours an
to weathering c:inuot be relied Ill){,u. T!, e OV{,r:lii f

,t

uing n~}lllirs to tile third l~(,ri,,{l of Iil],e. i. e., from a
; duysnfter fallout.
fter fallout untii l.wwrlatrrit is Cs[iui:.[ed tllol tilea
lgs and the effects of Ivc;](heriug !vill yield aII overn~

.

Igs hfsTe been tfikrn with Snrvo,r Illetcr: Olltsi{ie and ‘
‘d

. ~A_evada test site after fallout o(,t.llrreti. ‘1’he ratio o~.~
[he type of coustructiou of the llt)use :Ind with the lofsM

~. Generally, the ratioof rcn,iings ollt..i,ie to iusidea -
/1 with a somewhat grentcr differmwef,lr Itlasonryco-
Iunlwr of film badges were I)laced ontsi{le nnd inside of,-
u]bler-,Snni~ per nn(i also [’i}slIot-I~l]otilole. Ir Me first.q
t)tal doses was agnin 2 to 1 or grr:ltvr. Ilut during u~,
,ut n 20 percetrt differen(.e wns U{)tr,j, In fac~ in one-
)tllole the film badge illsi(ie r(>nd hi~ht,r tiutu outAde.’ n
I these cxlwrin]cnta I d:ltn !yill har’e to 1~ iuvcwtijytedd~

&.,

RADIOACTIVE FALLOUT Ah’D ITS EFFEHS ON MAN 217

Rclcnse from t!lis rostrictire actifm cIiI~~!l~iIK mntie on the Imsis~j doorS closed.
~ffurther fmlnntion of the rndwlogic:]i cf)lldi(it,l,s,

10 the erent thnt tllere be Couviucilw evidence tilnt the radinti{m ll.w, ISgiven
~ the grnpb will be renched, it is recon]uwudtki ti):, r I*~rsf~nnel iw rcqnes ted to
~maln in(loors before fmliout occurs or lwfore the ra,ii:ltioll ievels eqn:il those

~ gflph I 1. Relense from ti]is restrictive actim shouk( be uui~ie ou the hsis
,! furtll~r e~aluatio!] of the radiological con(l it ion.%

It i5 rccou]mended ti]at people who hn(i Imen out-of -dwrs during fnllont of the
,h,re m:~~rdtude or grenter he sidrlsed to chfinse clothinz nnd to Imtl]c.

I

The ‘

~jl~hing IUW be clenue(i b.V mmnni ntenns. \\”ilile Imthin:, special nttentiou

wld be p:iid to the hair nn(t aUj,
exywd p:lrts of the body.

]0 tile event thflt the monitoring takes plnce nfter [he fallout hns occurred,

i~destra I~olntion of the dos+rate r~fl(iiugs IXWIS or e~cee~is tll~se in mwh II
,! the ml imnted time of fallout, then it is recwmnende+~ that the snme udvim be

w m ill tile Prcwediu u~lrwrwk

‘l

f)329i3”-57-pt. 1—1s ~
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ji~l{$~im
~be action of req~esting personnci to rernffin indoors is predicated on the

,,rirrciplethst the ~dlation leTeIs are below those esmbli$~i~~i fof e=cun~ofr and
jt ttris action could reduce the a nmunt of con f:ln)ination of [wrsonucl and re-
il~ s~lnwwlfnt the w-hole-body gnnunn dose. ( See aljpendix A for estinmtes of

~uctiou in whol,e-body gnnmm dose. ) ‘The actunl “savings” healtbwise hnve
:JWbnlilncti against possible adverse public rertctiou.
The ]Irinciunl g:ljn in requesting per~~)nnel to rcttlnin indoors is to prevent or

~~uce the anlouut of rrtomic dt>hris tlmt nmy nctoillly fall on the b,)dy or clothiug.
~locethe [Wlti of fo)lout usua]ly occurs shortly nftcr the start of fal]otit, it is
,~port:illt tllnt pro~N deci~i~~tls nnd nctims he taken. ‘1’bus, by necessity, the
@ pr:lcticnl criteria uil~llt n Ilicll to base a decisif~n nre g:in)ttin d(wc rate re~ld-
~:s, whi~h are in turn related to the rrnwunt of f:lllo(lt.

Beta fff~sc (o qkl ~1-’~hc lll<)+t illllllcdi:lte sOlllt i~m might he to cstilhlish lower
erraittt’(1(lose r:ite levels at I:lt(’r tinles after {lct{~ll:ltif!u. I lotveyer, if n series
( dose r:ltes ~~ est:lt)lished ftlr incre:l~iw tinl~’.+ $]fler d@to!l:ltion M that their
.t[ationsl lilt follows t—’.’, then the dos(,s delivered in X hours (before the mrttwinl
, KMII(XIIIff ) ~-ill be greater f~w cnrli~’r tilnes rrft(’r det~)llt?tion. If one were .Qnre
f W tillle th:lt the f:lllollt nlafcri:il ~~:ls to renl:lill in ld:IcP, thenn smle of {Iose
,Iles v(,r~u~ tinl~’ :Ifter {let~jn:~ti~ll coul(i he mfi~ie to yield tk some t~~tal dose
wr !I]i, .S Ii(}llts. Since tl, t,re is (Ilwious]y 1]0 S(,t tillle ]K,ril)(l f,~r (Illr;ltioll of
,Irltfl(.t11):1[ ivoul(i !’!: v(alid f{, r :111e:lses, one nlicllt assun]e tl)e worst c:isc wtterc
!r niol{,ri:ll renxli~l~ in ll!a~x’ unl ii its activity has (1~’{wyed to ari insignitimnt
,hel. 1kI>e r:lrvs ~.~uld tllc,u be ;Illllrosilnfitcd, to ~i~,ld n givwl iutillity (Iose,
~:

I)=:,:lt where: Il=infinity dose; A=llose rate ilt time ‘“t”.

If the al,(,J-e discussion is acccl~twi then the rt,m:lining question is to srt the
ttiuity ~I,Isc. li<.re. \ve ri[ust l}e clcnr t])at JrllI~r{’:Is the IIlc:ls(lr{>rll[,llts tnkcll tjy
!k at,)riit,,rs, nrId the data u[,(ln whi{,h nction \vill I)c (Iecidod \vill ltc gnlllnln
(,se-r,:l(, r,,:iliin~s. the ]rt~iut of Ijrilicilml conceru is tllc twtrr (lose delivrred to
he IJ..:tl l:lyer (-,f the el}i{ler[rlis (assumed as 7 rllilliKr:l!Lis Iwr sqnure ccn(i-
~rt?r). The ratio of emission {If Iwtz to Kamr[l:t is n fllnrtion of tinle rrfter
,~ton:ltinl, nr,,i fol!ow+ ]10 Rin]llle rel:lt ionship. 1,’llrllicr, this ratin nt any Kiven
,me nf[+,r tlt,tons:i~n 11:1s n(.lt 11(!CI]firnlly estahlisll ml. one rc[jf)rt su~~estsr the
Jlofviliy(l;itti:

iu)eaflcr detcmati~~n: Iicta/gi7mma

;;;';;:::i:::::::::::::::::::::::::::::::::::::::::::::::::::::::: ;?:;:

hese dat:~ \vere ol,tained from n cloud sample rntllcr than nctual fallout rnnterial,
od were n measure of surf:lce dose on a l~laque using a “dosirueter type beta-ray

WLU,l,YIH WIMII ~~rt of the total g~lmn]a dose lmwerlt, frs well ns a hlrge, l)ut
~kllulvn, fractic,n of the b-eta.” (TIK? range of 0.35 Kfe’r. hetss Is about 100
IT.iclu,i or ap~,r,lsi~,lfitely 1 mm. of bakelite. ) lf’or our discussion here, we
Illffsalllue u Surjoce beta to garnrna rutio Of 150 tO L

;1

,!

I
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&
IU estimating the betrt dose to the bnml layer of the eIlidermis, one- ‘“

tothe workof kleuriques,’ lIeexlmsed theskin of Chester lVl~ite\)iw tip
I

conttiiuing different radioisotopes.
I 4

Pertinent data areabstractwl Oafo
,.

E U*N? dc$a ‘“
I(qulml to

Isotope
IIm!um recOg-

Energy nlfit,le trim.+
e;,xlcrmid to a

ln]il:? (rornt- }0.00 ~
gen.vluivalcmt. wn

NW)

Yttrium 91 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.53
Strontmn W.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .61
Ytrrlum W . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2. 2U

The average maximum eucrgy of the beta particles fr,,ln f:lllout mti’
varies with time but ~vill be assm IItwlt<>be rou:hly c
del)th dose, to yttrirnn 91 or Sr-{90— I--! M). Sill{w tllc gwan)n (lose at a’
of 7 ulg./cm. s would not be significantly (Ii ffercwt frolll
the ratio of 130 to 1 for betn-gonlllla }vill be :lWUIIIIX]
e])i(lerlnis.

(one experiment ~~ith sheep. using Sr - !~O– Y- 90 pl
reIw at the pktques’ surf:lce llrodutwl ul(x,r:lti~m in 1 but n(Ir dnfjther of 2
on the otl]er band, 1,000 ratls deli;-ered to tissue deljth t,f 7 mK.,’cm.* frotn
I’w l-inch diflmeter disk (type of auimal not statwl) l}rodu,.,d t:lnnins, pml-
erythenm, nntl desquamation. )

L

.. . .
It is to be renie]]lbere(l th:lt the alsme di.scus~ion wns Lr..t I):lwd on A, ~~

ga[nmn dose rates \vherms the l)tonitors Tvill hc nl:ll;ii]g 111+.irg:tlllnm m
]]]mts at tt height of 3 feet. I’ast field ex[~,ric]]([: has indi{a:ed th:lt the “’”’

%re:lding from ionizatiowtype Snrrey me[ers :it gr[,lrn(l 1(.rt.l is :ll}{~ut X3 pi?
higher than at 3 feet. Therefore, if it be nswnw{l I Imt a <rolln(l level ‘‘ ‘

Trc:l{lin: of a survey meter is equivalent to a Sllrfu{w {Itm r:itc, tile rntio of
dose r:lte at 7 reg./cm.’ to gan)tila dose riltc at 3 fc(;f is UI)(4UC 20{) to 1. ““ ‘y

.~nother npI)roach to estinmtinx tl~e ratio of I,t,ta (lost. r.ltt, :~t 7 rng./’
gnmoln dose r:ite at 3 feet 1s ns follows: %’;t~sllllliuR n Ul,if(,rln distribntt ,0
1.0 me~acnrie Imr s(iu:lrc mile of ganln):i acti J-ity,

i

tl)(, (1,,+ r:itc retidirt&
nu in:inite fiel{l is ntmnt 4.1 roeut~,{,ns per hi~ur.” ~’:llrlll:lti,,ns giveu in a
II i.i(li(,:lte tllntn like concent rnti{,n f]f f:lllf,ut Ill:it(.riul N ill ],rl},lure aboa”
reps kwr hour at 7 mg./cm.l This SUXctiStS ~ ktll tO ~:])l]lil~ r;liio of abo
to 1 tvhich is nbout a fnctor of 2 lower than the tirst nl)llrua{h. .tddwi
to this latter method of estilllating beta doses 1s found in ~l,lmndis C ‘ ,

Such considerations niay be fr;lught wirh ]}itf;ills. I’l,r ex:inlple, tht?,
discussion implies a uniform distribution of falluut muteria]. ~bviOUS&’. ‘1
not correct, but how fnr this fle}-iute.s from the f:tt.ts :IU,I to ~vlmt es
influences the results is difficult to assess. Calculations indicate thttt
[iuetion of recognizable beta burns f rt,n) a sin~te IMrticle r(-iuir(w a high .,
actiyity. (See criteria III for discussion, )

“g

It IUny ~vell tw, h(nvever,
particles of fallout are close enough to hare orcrlnl)[)ing of rnfli:ltion fi
thus require significnnt]y lower slwci!ic nctirity of tile [mrti,:tes tf} I}rod-
burns. This hyl)othesis has solJIwrt in that even ttl,, l]](,>t >tll~{,rti,.llll beta ,
of the natives ex~msed to fi~lloltt follo;} il)g the Jj:lr,.11 1, ] :j.-rl. ,It, toufltion
a.geueral aren nffectwl rottwr than small lndividu:ll s[)ot... ()[1 tile other ,
the cattle nnd horses exlwsed near the S-cv:i(ia test +ite S]jf,We(l l)l~rn.s OTer

OI1!Y about the size ot’ n flUart Pr. Ercn thou:h tlltse 111::1 not h:ire M@t
{luct~l I)y sinb~le Imrticl es, th{,y {lo rc~,rex,llt less t)f all urtw ..!l’wt tlmn su
for 11](. mttives. Also, r:((lifJ:lt]t{,gr:il,t,s ,,f tile f:lll,,llt ill :, r,..,. ,,(ltsi,)t. the Ne@
test >lto suggest the ocwrrmw of in,li\-i,ll]ol I,:lri i{.ltw I, ;t!I ~l(,ll,)verlapp~ d
rn{liari(m tiel(ls. lt,~tvever, in ne:irl,y :]rtws wli(.rc the f,.;ll,lll W:]S rehltij~
Leov.r, there was a definite overl:l[~l)i~jg f,f the tiel(is.

f

y E.?ect (,f I%rtmlt:!~u on tt)e Skin ns n Fun,’tll,n of t):,. II IIrr KT, l:. -.!, >1!!, ~ nd Dudfl
Of 1/5 l!alion, Iicurl, ueR, 1... \V. [.nl,orurr, t-y ftIvt sfl .QII, JII. v<, I ;, SO, z

\
Summer 1952

* t >’:,t{,:,r:tflvL!St,,,y of l:\,,<,rl,,l!,1:,11:I,r(4<!, )<-c(f,+’,., ,(>,,!, . ;;/:d /+;;, Iz@#
1-(,,1 I:,, rlu,. ,sl,,.(’,,,J.l,.I,I,,,,,cI,,4’.1:.,>f ! ,:,<,J. ]-.,,,,,,1]1,,1,.,: , ,
80, 1,..-,: (1 ,111.1.sll,,(,I

~E:, .:6‘IfAt”l,ilcM’c,,,!(,,,,, I:,:(J.

~.-
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the betti dose to the basal Inyer of the epitle~mis, one maya
[enriques.’ He exposed the skin of Chester If bite pigs ~ **
rent radioisotopes. Pertinent data are abstracted asfo~o~

I I ,
6urfz3redow
rrquhd to -

tsotope Energy
prtium reccg. &~~
nizaijle trans. ~,

cl)idmmd toad-
llljury (rOvnt- O.ogwb

gen-c:f$)alcut. ~nq~
>,

I![t!$lj
... .. ..-------.--...........-------............. 1.s3 1, m ‘~%;.. -----. . . . . . . .------.. . . . . . . . . . . . . ... . . . . Cl

2.20 }
1, m .> ““--------- ---------- . . . . . . . . . . . . . . . . . . . . . . .?jq

:i~!iik

..!

maximum energF of the IJetn particles fr(jnl fallout z&w
e but will iJe assullted to be roughly col!tIslr:ible, in res~
:ttrium 91 or Sr-!JO-Y-t)O. Since the gaJtill):i dose atqd~
~nld not be significantly (liffercllt fr{lll] LIIC surfnce gamma~
to 1 for L@:t-g:tuknla ~~ill be assul])cti at lIIc tmsal layer o;f.ti

. . .
ent with sheep, using Sr-90— Y-90 plaque+, shol~ed tbtit’~
ues’ surface ])rodu{ed ulcer:itiou in 1 but not ;1110therof2shq
net, 1,000 rads delivered to tissue de~tth of 7 nlg./crn.* from

:er disk (typcof nuinml not state(i) ilro(iu{,(,(i tonning, prolo~
esqunmritiou. ) .:.
.uembered thut the nbove discussion was first i):lsed on uurj~
es wimrcns tile monitors wili b~ nl:lkiug tileir g:lllltna mew
It of 3 feet. I’asttield experien[.c 11OSindic:]te~l tllattbe*
uizatiou-t.vpe survey meters at ~rolln(l Ivvei is nbout 50~~
1 feet. !llerefore, if it be assumed that a gr,Jund lerelgtmtw
~eF meter is equivalent to n surface dwo r:(te, the ratio” o+.@
g./cm.’togmmna dose roteat Sjc,i isniwut 200” tel.
)ach to estimating the ratio of beta dose r:itc :it 7 mg./@~
e at 3 feet Is as follows: Assultlius n uniform distributttid
er square mile of gamum activity, tile (iose rate reading~~
s flbout 4.1 roent~~,ns per hours Calcui:ltious given in appetdb
n like coucentrntion of fflllout nlnt{.ri:tl lvill Ilro(luceabOa’t4#

7 reg./cm. ~ ‘l%is suggests u betn to g:ln,nl:i r:ltjo of ~~n~,~
out a fnctor of 2 ]otver than the first :I]ll)rcx)t,ll. Added srlf@Xf
‘thod of estimating beta d{~ses is f[~uud in al]I,elldix C. .~~’
ations ni:ly be fr:iught ~vith I)ilf:iils. I’[,r ex:lljiple, the,a~
.% a uniform distribution of f:iiiont materi:li. Obviously QfS~
how fur tilis devi:ltes from tile facts un(I to what extent,@

.sults is diffimdt to assess. Calculations indic:lte thntthe, -j
lizable beta imrns frt)l)l a sin~le Imrticle r(,(l(lir(.s a high.6p#

:riteria 111 for dis~ussiOn. ) It Illly \veil I,(., i],,\~ever,tbS@
,ut are ciose enough to huve ovcr]al,])in~ (If ra(li:ltion field8.~
lifieantiy lower slwcitic nctivity of the IIarti(.ies to prodace@
Whesis ims support in that even t]lv most x(ll,eriicia] betabd
pmedto f:ll]{]~lt f,}ilo\viIlg tlle~f:lr(.i] I, I!)GJ, t]ctonutionsh~
fTected r:ither thr]small Indivi{],l;il s~,,I(s, (),, t]le ot~erd

m~es exposed mwr the Nevn(in testsite Xl)()\V(.(i],(lrr]s over-
ize of n qwtrter. l.;ren though tll(..<e n)~ly n{,t h;; re beetlp
mrtic] es, tllt,y (It) rel~r(,st.l~t ]ms of :111tlrf,~l ,,il’{.,. t I],:IU sugg &
.$1s.), r:ltli{):l llt,)gr:! l)])sof tilcf:t l],)[)r iIl:ll{,;l., )llfsi,]etheNe~&
the o{,curren(w (,f intliviflll:il Iulrli,l,< JVit]j ,,,,,lf)yerlappitlgd
11, nvevcr, in u~:trl)y :Irwls TV])(,W tllc f:ll],,llt \v:is relatir~

a dt, finite owcl:[l, [,irlg {If the fi{,l,l~.
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with our present knowledge it should be stat+ that due to the pnrtlculnte

“(llre of f:lliout.lt ~ould not be possible-to estnbilsh reasonable and opera tiou-
,:~ ,r,~rk:~ble criteria that at the wuue time would guarantee that there never

,Jlki be ~n ocrurrenm of a ~ta burn.
l~~new(’r~? macwpttheassuqti bep togarnnl ados eratesof about 100-200

~,1 (ute:lsurc(i under the conditions glren abcwe), this might mean an jnfinjtY

w Ci,M> <If, l,W.K) tO ‘2,000 reps to the basal ]nyer of the epidermis when tile

~hl,lebo~l~ lnfinlt~ gall~ma ‘0= ‘-as 10 ‘Wntgens” ‘f ‘Ursa ‘he ‘allOut ‘nt*
.,5, ~lfi,r ],e relnoved before the in flinty dose is deiivered; yet, on, the other lmnd,

~i<l~,t illlllrobflhle that it could remflin in the h~lir for essentlnii.~ this lenbrth
., ,,,),,, In the cfise of a l-hour faliou~ almost one-half of the dose would be,. ,)! .. .
~llrere,l in tile next24 hours.

Ihe etf ’ic’n(’y of n surf:me for collecting and hoiding the faiiout mntcriai is
-.k,rtil!lt. It is not surprising thnt the highest dose rste readings as weii ns
~ ~l,,~i,:]l r!l’ccts \vere noted on the hair of tile nstives and alsoon parts of tile
,ll,,..ed IMM1.Vwhere i}erspimt ion was preseut. Furtiler, it was oi]scrved tilat

,(,11 me 1~1.w’r of light cotton mnteriai was suficient to protect agninst lJe(n
,,n till)):lxe in most crises.’” This wnsdue proimbly not to the relatively snmil
.::mu:?ri,,ll of tile betns by the ciothiug tmt rather to tile physical situatiou of
!,:,,l,l ~li,. r.]{ii,mctire materi;il nt sollle dist;iuce from the skin, which M’ect

wkl k r(,l:l:iwly Inw.
.\II :IIIIlcIicollsi~ier~tion is tile possihiiity of high beta doses delivered to pcr-

~:lfid I’r,,!ll t))f7fallout nmteri ai lyiw OII tile wuud and otiler .surf~lcc’s. If
, lIi<lI:JSI(I(,grce of contamixl:ltion considered under this policy is safe whcu

.. ,!lr!,. [ <,}]ll:l(,t with the skin, then tile beLt dose fr{)[!i an equali.v c{jl~t:l~})iti:tt(’{1
:-ml nill not I)e hazardous. (See criteria 111 fordiscu.ssion on unequal con-

nin:l!;,ll <JII [Rrst)unel.) IIo\vcver, it is true thnt the contnmin:ition IU:IY
tIICNlTiI~~:Inim[lt to deliver dose r:]tes gi-ren in gr:qlil 11 and yet not be Krcat
# ,811:1)to (,fjllsider evacu,stiou. Some personnei mn~ not go indoors, and tilo.se
>!I.)ti;d IYil] crL, ntrraiiy be relcnsed from this restrictive action all(i then l]lny
~.:lk aNI:I I,i in a relatively i]ighly contaminated area. Becnuse of the more
: .l)l[e,~r,l:, <c. “f the I,t.ta tile io~.~tion of greatest concern is the lowc, r lWS.

,Il,e ~,.i, ,rt ~,+tilll:lt~.s a’ I)eta to ~:llnma dose rfite r:ltio of ~II~o{lt ~J to 1 :lt 10
.l,:; III,IL.r< :ll~ove the ground.” ~[l(ier criteria I it was recolnmended that co]L-
, ,J,~:~[il,~ll:(. gi~~r[ to ~rncufltio~, Tvilen tile gmnnm dose rnte rea(iin K Ut 3 f(’~t
-!., f,,r ,.Y:II,J1,I{>, nimut 6.2 roeutgcns per hour at 11+3 hours. Wugbiy, tll)~
,,,,,:~~ ~,,r,.,. >,)ol,,l t(, nl,out 575 reps per hour of beta at 10 centinletcrs. of
.,ur,e, ~iiis nctirity decays, and also it is I)resnmed th:it Personnel w’ould i)c
w ill~l,,,,rs, ;It ]t,ast for a few hours. On the other hand. it strongly suggests
It},!l,l{)ui{.ally si:nifirantdoses ru~y be deiirered to tile feet jf not protected.

,~ln IN,,,,+ \verc frw4uent on the bare feet of the nllti~es ev+icunt$d during
w. ‘1’tiis WWimb].v was a com~in~tion of ~et:l dose fr~zu nlate~lnl 0[1 ‘l’e

:: IIU!KI ~11,1 fr(,lu til:it S(.UITe~ ui) Ovc.r the i)arefeet slid then clinging to tile
,:!1. tin,) lesions were observed on tile ilottoul of the fc[’t, undmblmiiy (ille 10
-r thj{.’k c.ili, ic>rul is.) It wonid be exllccted tilnt nornuli closed-t.vpe f{mtweur
Ji CJIIJl,:ir,L(I 1{, ~)l,l}U S:lU(i2kJ IV OUi Ii afford adequate protection”to tll(:fcc’t
‘..,,u ~,,, ]1 l~i,rl, l)Li~:t d(,,sw as discu.s.se(l h~,re. Tilere is stillno gunranty that
+.~:i~:l,li:l[i,);i~rO1u ,ll:iterial o,] tl]e gr,)llud !viii ult delirer ~iwiti~~l]lt ‘)io-
.,ical ,i,,.{,,$ to t~~e IIIl~]C.S and perha]ls l~mrclr 1(,X.$, after l}crsonlwl arc rei(’a~’rd
~m ~ta~ill< ili{ioors. Forex:imide, if til(, Imtu dosent IOceiltinleters niiovc tile
‘Wuud ij ,;7.; rel,~ ,,er Il(,ur at 11+3 i,~lurs, it would be ahont 230 reIjs lwr hour
;k,ur.liLterlilLtI lcw r,,,)sl)er hour611(1urs I:lt{.r.
lJ:,e fllr(ll(.r ~),).~sibi]i(y is the Ilc(>llUIUi:lti~lll Of rfidiofictive nmt(’rial nroull~i

‘, aljk[v~ :,,,(1 l(,lver l{.gs r~>sulting from nom, ui ~valking :Ibout tl]e arm. Tilis
‘1.wl,.t.,1 IIll,ier criteri:i III.
h[!l ,,,! /)/{,,, utl Pxp(,lsuI-c8.— The wori{ of IIenriques” suggests timt nt tlM?

,’i,ih ,)f {J,(v) ,ll”). i,, li~iI]g porcl)iIle skill (nl:ixiltluul tlli Cii UC’SS Of eilirferm is)

‘W ‘l,41iIJ~w0 ~oelltgell.~~uii, ale[lt.l~eta” (d~iivcrcd over short p+?riods Of time
, [hat ~l,(,v U)ay be a.<sum~ to be l,]st[l[]tnntw,ns ) is requirwt to pro[iuce rcctw-
Ui,j,. (r:~l]~Lj~,i,jerl:l[ii in~nry. l’be curve of iliologic:li damsge rises rotlmr

.—
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Iti$t,, be recalled that: (a) The natives probably were out of doors nnd re
~,r~ tl)t’ full fnllout ; (b) the oilY hnlr, seminaked, perspiring bodies, including

!~refeet. nnd lnck ~f bathing. for IIJOSGwould tend to dk.-tnttd IWkt the. plll]t~[lt
:$lerial; (c) the tuue of dehvery of essentially all of the doses wns 2 to 3 dnys.
~zrt]ler, it mny be speculnte(i thnt the fallout on the more dist:lnt island of

; :jrik (Sl)~JUt Jy s~ntute ulles) would consist of smaller Imrtjcles aII(I nlso per.. .
. . .

~ps le~-~ r l~ssllJilltY Of o~erlnnplng of rndlatmn fields from these p[lrt icl{><.
we c’? tile reler~nt data are sllnlmnrizd in mbi~ I L

I)uc to the unccrtninty
,,,ree of exposure {If personnel On Rongerik to tlje direct f:illt~ut, fhis~fthe(it-

~0,1[)is)Iot~ncluded. It is to be imu]ediatelF emph:lsized timt nny mjlnl,:]riw)os
=~dcor inll)lled in the tnb]e nrc :It the most OUIY %,:lli(luaI1ti tntive.

‘lkl)[e 1[ will

~ ~eferred to in criteria III mud IV hut is included here os n SUII]]I):IYJ’ of (lie
~~$ discussed above.

[’

/

1’
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F..\LI,ouT AND 1’1’S I; FFF;CIS ON Af~

110 Ulr./Ilr.

~:-

.—— _
13 ll)r./I~=T/l t ~tiri~ Atoll)

..:,tribll[c’ \O tllc survw meter rendirlg when nIonit,JrillK a small :Irea ,,u l~rw]n.
jut 11)?s 11:1s not b{, en tllkeO illtl~ ncrwOUt, tlrst, Iwc:ltiw ,If tile {Ii ffi,.lllty {,f

j::~~lishi,ll~ fl prim npllraisal of this variable fnctor and,
scco IId, h.l)ate~vr this

.,~[ribil~~t,u may be it will now becOIUe an addc’d .S.afets’ fnctor.
, ,f ~ourw, the problem 19 still complex, because wheu considcrill~ sma Ilcr’ :11)(1

,. ~[}er nr’eas the e~entunl end point ie a siu~le I}art icle. AH est imate (If l~(,t:i

.,+ at the surface of au imnginnry sphere surronudil)g n fnlllmt Il:lrfi,,l,, is
~Uin :ll~[wndix E rind no estimate of beta doses from a sitlgle Il:lrl ic[e rt,qllir{.{1

T :,r{,,IU t, rwwgnizahle er~thenm is presented iu al)pe]l{lix h’. C;ilvulnti(m il!(li -
.P chrr tile s]le(’ifie ~lrti~it~ of ~orne in(Ii~idllnl Particles ft~~lll~lin f:itlollt ~~ollld
,,rL):lt ,wmgh !,l produce recwuizalllc eryrlle!lla i f llt>l{i in c!mt:ict fvith tlic

.:,: f,}r 1(.ss th:ln 1 day, yet tile g:inlkna d~lse rate reallittg nt 4 inches Inay be

.,.I(irel:- sn)nll, (See nf~pendix G.)

.\lJllitioU:ll information on doses from indivi(lual particles ims recently l~f’en

., ,,lr[e (l.” The imrticles f{,unti in nnd around Jlanf{)r{l c(~!jsiste(i l~ril]f,i[xllly {If
:~,,e r:l~lioi.~t)tolles, Itu-10.3, Ru-1OC, and its dnughier I{i]– 111(:. TIlc {i:lt:l nnfi

,}ln[it~lls in :i~}pentlis II also strongiy indicate thnt a sillglc f:lllfJUt l~:irtielc

I
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I
n

the lungs. Ilespite the uncrrtrriutirs and ns yet hrcomplete rrnalyslsof~l
halntiott hazaixl, tlie Iwqwnderrrnce of evidence tOday is tlmt the external ~
hazard from fallout is the more linritlrtg factory of the two.ls (Ilowev&~
discussion on food contamination.) ‘a’

During Upshot-ICuothole quite complete data were collected of con~~
of airborne activity on about 1500ccaslons insome40differcnt localitieati~
200 miles of the Newtdn l’roving Grounds. These included mottitoring~m
detonations. Ilistograms were mnde of air concentratirms yersus time. ~
detunntion for300ccasions nndcstimritcs we~e madeof doses tottte lunge. ~
dut~ for the five comnrunitles showing the bvzhest. air ctmccntrationa re~~h
‘1’ab]e \“I-l]. TIIC histogram for St. GeorKe (the t@wst 24-t) ournrerage X
trati~~l of falIout ever xlleasured inn[jol~ulated area) isrel)ro(luce{iina~~~J,

TAULE \’I-rr
.-Q*:.

:;i’
------+

L0c31ity

I)ose to lungs
24.hmm 3rer3g0 (I3weeks)bu.rei
rvnrentmlbn on 23[n-rrcnt
(micromrwa de{m=lt[on

Per cuhw and 1(H3[s-r-
rncter) Cwlt rwritlorr

thewrftcr
(rnreps)t

.—

St. C,wwc, L1tah. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123 3;]
l.lrlroh) hflqc, her . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 (J xIIJ-1
JI(<qu, (e, Xcv . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 7 XIII-I 13
GWO:IIN1lllC,XCK............................... 3.4XI’]-*
l’l<lcbe,Xcv ...................................... 20 X1,1-* ;

ITbcmcthod usedincstliuatiugdosestothelungslsgivenInanpendlx K.
/

.44.
‘1’hecriter’ia previously estlblishcd I,y an :id IIoc Jangle I“eflsibility r&rI&.

(ct~ (\\’:ishingtorl, l). C., July 13, 10;1), for :]ir coi!cc,[l[r:i[iorls” were- -
“.\t a ;miut of liumau habitation, ttre activity uf rudiuactive p:irticksia&

:[ttL\oslhere, averaged over a Irrriod of 24 hours, sl~all be limited to 100 rtdcIw
curit,s per cubic meter of air (corresIwudiug a]]l,roxi]uately to a ground Id
g:lmma illtcnsityof Wmr. Iler tr<)or).

“W1e W-hour average radiortctirity[~ercubic meter of nir, tiue to susp+mded
[);irriclcs having di:lrueters irr [he rauge 0 n)icr(m [I) Z,O microlts, shall not e.xced
{]ll~~iltll](ire[ltli of the libove ; nor is it desirable thzt any iu(]ividu;il parthleb
this size range have rrn activity greater than Ioti nricrocuries cnIculatd4bonr#
irfrer ttw IJlas t,” , ~.

lu the January 20, 1054, meeting of thenrt )roccorrrmittee the bnsisforrekom
nlvudi[lg tl)c above air coacentrati, }ns was discussed. I;sselltiully, these crltdl
was scl~cred by estimating ttre gtimmn dose that mi~bt be d~,livered bythe~
iug (If a radioactive cloud. Since there are better nrethods (,f estimating _
d{mes and since there are uncer[fiinties in evaluating the h:izards of such trfd
tfjrynir coucentratious asexperieoced from fallout, und since tlie preponderWS
of eridence from past nuclear test series iudicates thnt the external _
hazard is rnor(? limiting than tlte iubaltition one, it IVaS recOmr~)end@ jn ti
Jauuary 20, 1054, meeting to strikt. from the rec,,rd the pnst recorumendaff@
for uulximum permissible air concentrations. ]t WaS recornnrended that-df
monitoring program be continued for documentary purposes and for whateWf
~nlue the lhrta might have in the future w)len netranalyses uiglitbelnadeti~
light of additional knowledge.

A further discussion of the single pnrtlcle lmoblcm mny be made. InarrfvfJJf
fit the retwmmendation “ ● * ● uor is it desirable th:it [iuy iudirirtrrnl Ilartldeti
t}ii,s size range have rtctivity greater th;irr Ioa microcuricw crrlculnted 4 houre @f
tile l~last” Q computation was nlu,]c thrlt the average rndintiou d(,se from Sl@
a [~urticle to a sphere one-half a millimeter in radius t$ould I)e :1S3 rl,l~.” HoW’
ever, the conclusions mr4y be rnisleadiug. In theta.w of n siI!gle ]uirticle,@’
ti~(.1~ large doses arc dellrered Uetir tl~e pnrticle ~ind smllll ,l~~ses tit a grdff
distance. Appendix lisugges@ one~ssltjle estilIj8te {~ftilIs 1tlleuuul{:rlo& ~~
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&lncertnintics and ns yet hscomplete rinaly8&@l’ ‘“,
)ndcranccof evideoce today is that theetie~~

be snore limiting factory of the two.le (Howe
Iinntion. )

..;;IIe quite complete data were collected of conq~
,o~lt 150 occasions in some 40 different localfti(

I’roving Grounds. These included monitorh
were made of air Concentrati{ms ve~ @

s nnd estimates were umdeof doses to thel~ll
ties showing the highest air concentration ~m.&
m for St. George (tl.- highest 24-hour uveraf
sured in n populated area ) is renrodllc,~ i“ . .

---
-- .---.-..” .U

............... 1.!9

1 1.
130

4.0 XlO-l yg$. . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . 1.7 Xlu-t

3.4 XI(I -Y
:: w 10. . . . ..- . . ----- .

2.0Xlo-a :
aa...............

h’,aa
t.

!O.WStfSthe]unFsIsgiveninappendlrK.
id%

~4$(
.t:lblishcd by an .~d Hoc Jangle Feasibility G-
,lIY 13, 1!).11 ), for air c{}ncel)[rtititll]s were- ‘.””
Ib.itatiof], the actirity of radioactive particlm fa tbl
a period of 24 hours, sltnll I,e limitc,d to 100 mfc?o

:i ir (coI’resIxm]illg al)ljroximutely to & grolmd bti
*r hoar).
Jioactivit”y ]S2r cubic meter of air, due to snspendd
IU the range O micron to 5.0 nlicrortst shall not exc4e4
I ; nor is it desirable that nay in(liridual particle Is
~itY greater than 10a tnicrocuries calculated 4 homi

,.,
~w>ting of the ad hoc commlttw tile basis for IVCOm.
.atr:iti,)ns was (fiscuss~~. Ihsentiully, these crit.erk
he gummn dose that might be delivered by the ~
Since there are better methods of estiluating gsnstnt
~wrta inties in evaluating the b:lznrds of such trs@

<lWiencwt from fallout, iind since the prepond-
ear test series indicates that the extern~ gatr4m9
“III the inhalation one, it \vns recorl]mend@ fn ti

~ strike from the record the past rec~~mmendatfoUS
r concentrations. Itwas recouinler)dti that ~ ~
inued for documentary purposes and for whate~
lhe future wheu new analyses might be made ffI @

.,.
4 sing!e pnrticle [)ro!)lem may be made. In arrfti
● uor is it tl(’sirable that tiny individual particle b

reuter than 104 microcuries cal{,lllnt(.d 4 hoursd~
~s mude that the average ra(li at ion {i,,se from ma
f a mil]inlcter ill radius \voI]]d t]e ~;,sJ r<.lJs.’f HoW
misleading. III the c~isc of :1 sillg]e l,t~rticle, reh”

‘ed Ileilr the particle :Ifid sn]u[l doses tit a greakr
r= one possible estimntc of ti]is I}heuuwellom TM

—. .. . ....

l.\rll.1: v

. —.- .—.——— —



236 RADIOACTIVE FALLOUT AX’D ITS EFFECTS ON ~

If tilmbadges ordosemeters are worn on personnel and theevide~m% ,,
use supports the view that the rwdings rrre a reasonably a.cwrrate

-w’
the rmiiatiou dose received, then the values recorded On the film ~
be accepted with a correction fnctor of % tf) act’ount fOr the differenw~~
the dose received by tbefllm bad~es or doslmeters (hrcludingback~~)~
that received at the tissue depth of 5 centimelem. -,, ,.+ , ,!.

,, ,.,,,.
CIIITtiRIA VI. ROUTINE IIAOIATION ExPOSURES

. .
::/:

.’..

Diswssicm .II,:‘

[n 1933 the folIowing reconlmendatlon was made in the report of -
To Study Nevada Proving Ground: .l~~q*.

“It is recorll[,lended, aIl(lf(}(Ill{l to beincol~f{,rnlit~ ~vitb thermesentp~
of determining permissible expmsure limits. thnt for test operation perso~-~
total borfy gamma exposure be limited to 3.9 r. irr 13 weeks, and that’&~
figure iw applied to the off-site communities with the furtlrer qua&~t
the lat[er case that this is the total fi~ure for the year. Iu genera~~~
plies a single test series in any given year.”

On tire basis of this recornmendztion and the reasoning discussed unde~&
1, the criteria for estimating the wlwle-l>i~dy rwmma effective biolo~~~
are summarized in table V. It will be noted that the biological faetorlecl~
under criteria I is omitted in criteria V. In the tfrst case we aredeaUng@
relntirely high doses that may require crnergeocy mcasurrs with theirs-
hazards. It is a situntion where one !vishes to cstimnte nll pcrtinent~~
inevaluating rndiation doses cvcu thouxh tlw~ nlar not ire known withp~
UCSS, before recornmendirrg nn emerpcncy nctiou that n]a.r produ&, ~
prohlerns. In thecnse of criteria Voneisroncerned n-it}) relntirelylower~
during routine o[~erations. It would be dif!imdt to justify on the onehand~
proposition that weekly doses for Kencral Iml,ulrrtions may be iutegrnted and ~
in n sin@e exposure witbout pcll:]lty find on the other hand. that agiveudm
received o~er a period of a year mn.r be ndministrnti~e].v reduced because,
b[oIogicrrl reprrir. Therefore, thcbiological factorison)itted,

.,.

The general effects of hncliscattering on n)ensurt,(]rndintion doses rrre’f&
well estatdished. I%rther, krrnwledre of dcpib (tissue) -dose curves hsati
vmrced to a quantitative state.’$ Thus, there seems to i}e little doubt tMt~
film badgeor dosimeter wornon the [wrsf,rl \vill {Ivtr,)stirllatethegammti
tfon dose delivered nt a depth of 5cmltimctcrs (nwummi dcplllof bkrod-fo@
or-gnus ). A major factor in determining this dlffereoce is tile qunllty of radlath
umler cflr)siderntion. One report dealing explicitly with radiation iuafdlm
field sumests m factor of nbout ~i.
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eters are wor[) on personnel and theevide~u~

t the readings are a reasonably accnra~
d, then the values recorded on the fl~ ~~
ion factor of .Y4 to nccount for the differen~~
Im badges or dosimeters (including ba&-)l
epth of 5 centimeters.

‘.1$.1,:
?;;,?!’ :VI. ROUTINE aADIATION ExPOSURES
“:,~;,:,

IL n%.>.
commendation was made In the report of &~
;round : . !,
found to be in conformity with the present~~~
exposure limits, that for test operation perso~,
: be limited to 3.9 r. in 13 weeks, and that:~e ~
Esite consmunitiw with the further qua&~n
1 the total figure for the year. In geuera~ ~ ~
ny given year. ” .,7 ‘(k:@
lmendatiou and the rensorring discussed under@
iug the whole-body gnmma effective bio]ogf~ &

It will be noted that the biological factor ~~~
h criteria v. In the first case we are deaung ~
,ay require emergency measures with their a~~
wltere one wishes to estimate nll pertinent fati

?s even thou~ll they may not be !-mown witi p*
m emergency nction tht Inay produti ,~t

Iterin v one is concerned with relatively lower da
It would be ditlicult to justify on the one hand fl
s for general populatiorla rnny be integrated and tah
t penalty and on the other hrintl. that a givenk

.vear may be arfrninistrntirely reduced ~~ ,
the biological factor is omitted.

‘scattering 00 rllensrrrcd rndiation doses a’fi ~~
know-ledge of depth (tissue) -dose curves hasJu

ate.’g Thus, there seems to be little doubt UM
n On the person will Ovdrw+limnie the gamma MM
h of .5 centimeters (nssumrd depth of blood-forndo
determining this difference is the quality of radlath
eport dealing explicitly ~vlth radiation in a fafbt
It 7*.

!rnnlSources of IonlzfngRad!ntfon.
nber 24,1%x

Kat!onalBrIrw c

RADIOACTIVE; FALLOUT ASD ITS

,,l~~lx A. SAMPLE hTIM.\TIO:< OF CJ.\UVA
ItiDOOU

EXAMPLE 1

,,. W: Tinle Of fnllout=~+3 hrs
l)ose r:lt c at 11 +3=667 mrlhr

. :: ~lleor(ti(’:llrnnximum (iosc from time of falloot to 3 hours Iatcr--- 1.30 r
$’:~vincs 11.vrcm~ining indoors for 3 ‘ours----; ---------: ------ -‘- 0“65 r
1 ~L:lr (tT(ctivcIliologic:ll dow if per~onncl dill not rc,[ll:ll!l In(loors
dllri[l!z tllc ~i Ilours (bawd 011 s:lme a.s; umptiotis cont:tinccl III s(x.tiotl
,7,, ,.\:,,.ll:lt 101))-_-_ ._. . ~. - . .,. . - ., . . . . -------- ----------, -:----- -5.5 r

I]cr{f,l,t of I ~em rffcct Ive blologlcsl dose
s:ive(l hy rt,ln:llrllllg 111-

(10(.!rsfortllc Jilotlrs -------------- . --------------------------
-12

d .\-
—–-=—/J.Yo (-**
(.Jz

A’=,l{N’ r.stc at rfcpthz-,.

I

I
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fa Dose Rafe (ftepa/hr) at 7 Mg/cm*to Gamma f)o~e Ra/e~
#n In>nite Fie14 at 3 Feet A60w the Surjace

;‘cm; (beta), equivalent to I megacurie/n]i2 (ganlrna) ~~

A90

n+?xper{nte>fla[ Dala Versus Theoreffcd Calcld {ations (Ap&

in Estimating Beta Doses
r-.
$ ,.

:j$
ltexpcrirl~cllt,a thin 1’32source IV:LSprcporc(l I)y soakin ,~
‘on of Ililosp}latcsand rdlowirlgit to dry.

.urcd \!ith a surf~tccionization c]):brli~~r.1 1?Tl]osurfaCe &
101!3: l’ertinent &fi

rec ----------------------------- .------------ .

4

.,.
“c--------------------

-----------------------
%0 ~~--------------------------------------------

{
0.127w

~Ptll of~ Ccntilnctcr~__ 457 re”--------------------- ..-
lv: ~-$-ta

~ion from Appcr](lix 11
‘!
i:,”’

iii

z

‘7.0 Crcps/hr
M c=77 ~c/crlli

Thcu R=7.0X77
=53 f)rcps/llrat 7mg/cmY (pu)

Ily:

R = 457 e-(9 .S)(0.c137) , ,,

’427 rcpsj]lrat 7 mcrf~,,,z [Pm.m v... ,* -,
pproacl]es fire ~rithin 26pcrcet)t ofeac110tflcr.
nt.ddat.~ from a source of 9.6 n]g/crllt to a
:CS) tlietiro rnetllods arcwittiin 20pcrcc,]t.

IIRodiatzon. ,LlrklC,RayuloudE. &fcO,aw.,,,,,,,....s.n

If one
thin so

.,.:..4

I R.4DIOACTIJ”IC FALLOU’r ASI) I’~L5 EFFEVI’S 0>’ MA3T
239

i
APWY4DIXC (A)

mte of gnrnmri fro:u a poiut so[lrcc:

L L1- -r
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Example:
Let: z= I/2 foot

C= M!PCICIn? or 3.6X 10-1 c/ftt (gamma)
E= O.? >fev
h= 1/3 foot

D= (18.8) (3.6X 10-1) (0.7) ID
[ “’3[:$’2)’1 i

=0.56 r/ire
&

Comparison Gn m ma IAM Rates From Injnr’le I’lane at a l?cight of 3 Fed
Ground to Area ,)J /J’-I?)chRadius rrnd I{cight of 4 Inches

A>>UIIIC: 1 lIicg:ic\lric,/tn ilcJ
(3.6X 10-’ c/ft’)

1

;;’&;;r = 7.3

A r’ms~rx E. IAtin/rrlc d Dose [Mtwrd L!/ a Single Partic!e oj Fallout1

or ,:,:i.)
I

or’ (3.1).)
~–rrllr

A-(R) -.(; l>’ 1(N -,i*– “:’].’ir:’fl~---
(il.jl!tr~r:itiotl

.,
$
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et:r=l J2 foot
C= 40pc{cm1 or 3.6x 10-~ c/ftI (garnrna)
E=O.7 lfev -~
h= 1/3 foot .,

[

.—.:-
D= (1S.6) (3.6X 10-~) (0.7) In (1/3) ~+(1/2)a ,

1

-.*

(1/3)2 ------,
=0.56 r’hr ,V

?7. ....

;-; ......
-2

A= 10 cn12/gm
1<=0.5 31(!V

.:,
;;
....,.,.

I{ADIO:\C’FIVE F.\LLOL’T AS D I’FAS EI”FI:CTS ON MAN 241

Radiu2 of Ingicary S#Iert in Catimetirs

1
i

i
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APPENDIX F. ESTIMATE OF IWTA DOSEE 17JIOM A SINGLE PAIZTKLZ ON T~~m
(POSSIBLE PRODUCTKOS OF RECOGXIZABm IWYTHFNA )

Let.: fo=3 hours (tirneprmticle isdepositcd on skin)
tb=27 hours (time pnrticlc isrcmovcd)

Assume: 1500 reps= total dose required in one day to produce reooa
, erythe ma

0.1 cm=rarfius of imaginnry sphere within which celk m@, &
2000 reps or larger. ,.

IL$

According to appendix E, 2.5 X10-7 reps/disintegration is deli~-ered ~~w
..

of imaginary sphere 0.1 ccntimctcr in rudius.
.,L

1.5XI03
——=6X 10° disintcgratious required

-j

2.5X 10-;
!“

c=5A.to121t.-1~ -t*+.2]
,.

. ..
I

GXIO#=sAasl .2[3-0.2_zi-0.1]
!..... a

~~= 1.14X 10’J ri/hr
!:

1

+1-
or abut 8.6 HC nt 1f+3 hours. ,j::,

..r,

Ofcourscl theradi~ls of their~laginfir.v s]~llcre selected willmfiteriallyr&ct&
c:llculations. Forexamplej a radius of 0.2 cm would requires psrticleofi~u
!)Lirnicrocuriesat 11+3 hours to give the siime dose. -!s

J.
APWXOIK G. EEiTIMATE OF GAMMA L)OSP: RATE .*T Fo(zr IXCHES FBOM A ~~~

I}ABTICI.E OF FALLotiT J1.ilk:I{IAL

T

.;, +
?*

!.wume: a. The average gamma energy of fission products Maybe comptwtid witi
radium; that the awrsge energy of fkion products is 0.7, :Mer;
tlmt, the average energy from radi!lm dsuqhtcr-s is 0.8 Mev,.@
2.3 photon emissions per disintegration or t hat the fi~erage e-
per disintegration is 2.6 times greater thsu per disintegration d
fission products. (..

b. A particle of 150 microcurics of hcta nctivity or 75 microcu&s~d
gamma activity. (See a],pcndix 11,) i

~=8.4 mg (me)
—-— for rndium through 0.5 mm of platinum,

‘,
da

where: I=gammzz dose rnte (r/llr]
d=ccntirnctcrs . .

I.et: mc=7..5X 10–Z
d=IO cm

~=(8.4)(7.5x lo-9—.——
I@

==6,3 mr/hr gamma dose mtc at 4 inches (for radium)

6.3
~E2.4 mrfhr for fission products

APPEXDIX H. Data and Ca1culrrtion8on DOSPSFro.1 .Sirqle Particlca O!Rt@htni@
and oj Ful/ouf flfateria~

A. Corn nrison of beta cncrgics from RU’B and RUII~ mixture to that f@
!fissi~n pro ucts.

Ru’~ 0.3 NIcv bctn (’f’= 4M. )
Rul~-().03 Xlev l)cta (’f’= I.oy.)
Ith’OO 3..55 Jlev beta (T=3W.)

.4.sume: Rufm/RulM ratio of 0.751
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TIAIATE OF 13ETA DOSES FROM A SIxorJT PASSTICLE ON T~~
POSSIIILE PRODLTIION OF I{ ECOONIZABLE~jIYT1lEMA)

.,
(time particle is deposited on skin)

w (time particle is removed)

:ps = totnl dose required in one day to produce _
erythema

:m = radius of irnsginnry sphere within which cells m&’~&
2000 reps or larger.

{,7. .
tppendix E,. 2.5X 1,0-7 reps/disintcgrat ion is dc]iver~ ~“&
crc 0.1 ccnt, ]metcr m rudius. i:;..,2

1.5xl@

2.5x 1o-7
=6X 109 disintegrations required

:$

C=5.4.1.1Z[t.-l~-t6+~]
6X109=5.4.31.z[3+.t–27+~] ‘?*.’ ,

Ae=l.14X109d/hr &
.P1or about 8.6 PC at H+3 hours.
3’
“}.radius of the in)nginary sp})ereselected will materially affect~

r exnmple, a radius of 0.2 cm !vould require a particle of;a~
If+ 3 hours to give the same dose. .,js

.+IMATE OF GAMMA Doss RATE AT FOC’B INCHES F80~ A SIRGI
I’A~TIcI-~ OF FALLOUT MATERIAL ,4. .

-:.1
lverage gamma energy of fission products may be comp& tit
iium; that the avcr:~ge energy of fissio]l products is 0.7 .Met
Ltthe nverage energy from radium daughters is 0.8 Mev,,wjt,
i photon emissions pcr disintegration)or thnt the average e%
. disintcgrsttionis 2.6 times greater than pcr disintegration rj
ion r)rorfuct.s.

5.rtic~eof 150’ microcuries of beta fictivityor 75 microcr& o
nma activity. (See al)pcndix 11.)

J’
mg (me)

— — for radium through 0.5 mm of plntinum. “’~a

I=gamma dose rate (r/hr)
cf=ccntimcterg :,

,

rrlc=7,5x 10-2
[,

d= 10 CM . .

:.4) (7.5X 10-9
~ol—

3 nlr/hr gamma dose rate at 4 inches (for radium) ~

4 mr/hr for fission products

~and Calculatiorr.gon Doses From Single Particle~ oj Ruihenim
and Of Fallout .lfaterial .

.

of beta energies from Ru’rn and I? UIIIM mixture to that *

RADIOACTIVE FALLOUT AND ITS EFFECTS ON hlAN 243

—
,--

Parts 1I.wtolws

Tt..)...................................................l . . . . . . . . . . . . .

hln~ln]uru TVrlchted
enerxy maximum

twLI Cncrgy Mas

n.3s o.S.5
o.(I4 0.05

lJ&f 4.45

I 4.85

,.;.:,.,
4.s<-)s

3.tii
1.3

j, i:tice energy AO.43 or roughly cquivr.lent to tlmt nssumcd for fission

1 —1
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6i2eofrmrttclc@)

.

,
...

,.-,,-



0 of beta dose r:itc (at 7 ngl’cllf del)th of”i~
:Ibove tllc grou]ld) of 12.7/1. If a ct,ntaminat~ ~

,rere removed (or sllie!~!c,tl) frol[l a general ~~ti(
at 4 inches fro[u the surf:lce mi<ht be some .#jti
plaue with the salne dt,g-rec of c(,l]ti~mination (~

,1 dose rnte might reo)aiu alt))ost tl)e Mme valne
~ith the skill. ‘llus, tl)e b(,t:i-to-g;tl )]n]a dose. rnh
,:litions nii~llt he .5,1M”MI–1. l’l)r other than a p~
rates might be higlier, thus reducing this ratio; .-:

..

.....

-...

“.:J ,1
,,”>”-.,
, <,,;:
, , AT.
:-r ?

:f- .5

.,

RADIOACTIVE FALLOUT AXD lTS EFFECTS Ox 31.LW
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APPENIJXX K. IIET1lW Us~n x~ EsrIxrAT1~G ~osE~ To THE LUXGS FSO14 ~
II ALAT1OX OK FALLOUT MA~EIilAL

Awumptionx
The following assumptions are made in estimating radiation doses to~

luugs.
A. Twenty percent of the inhaled activity 1s deposi ted. ..%-.

B. There will benoelimhmtionof Particles during thcirradioactlve lLf&
!L’hrre is uncertainty as to the biological half life of particles in thelun.gg ~
those communities showing the hWest concentrations of fallOuL the pe.aka
airborne nmterird (which accounted for the greatest Percenbge of totaI@I
out) occurred only a few hours after detonation. If one assumes a radio*
decoy nccordiw to t–’”’ and a biolwical half life of say 30 days, the O-
of biological half life would not ~ff~t seriously the computed tital doea~:~-

C. All of the activity is assocmted with Partick in the respirable rangs d
sizes. Past data from cascade impactors indicate that about ~ percent’~ &
nctivit~ is associated with particlea 5 microns or less in the commrmitfea mu
rounding the A’evada test site.

D. The lungs are uniformly irradlnted.
E. The weight of the lungs is 900 grams.
F’. AU individual inhales 20 cubic meters per 24 hours.
C. The average beta energy is 0.7 hfev.
11, The gamma dose is negligible compared to the beta dose.

Data at St. Ccorge, Utah

(Short time) 0505 IDuration

(1) I (11)

1
HOUT8

0610to I’M . . . . . . . . . ------------------------- 4,3
1130to1445................................. 3.2
1445[0 1%5. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.0
1s45tom.- ................................ 4.2
mm [0muss..---............................ 7.5
10N.5to1s35..........-------................ 12.0

IA %.:lmd.

Approxl-
nXe mid
mint arm
Ietonatlor

111

Hour;

8
11.5
15.0
21.5
31.5

4.17
2.m
6.3X1(I-I
4.4X10-$
1.4XI0-4
1.4X IO+

llumple calculat{ona

D= 5Atc1 .?[t.+~–t ~+~]

Let:t .=3 hours

1%5 ‘oum ’13 ‘e’h)

D= (5) (3x2.22x lIYXGO) (3)’’[3-.2184+4]’]

=4,4x 10° d&intcgrations from 3d hour to 13th week

Assume: .E,.C. =0.5 hfev

(4.4 X10’) (0.5)(1.6X10-~ (~o)(~) =4.2x 10-’ reps

I



,“,Xns are made in estinmthrg radiation do~&
.. .

ahaled activity js deposited.

1

-~~ J
mtion of particleg during their radioactive
tlrc biological half life of particles in thel

the highest concentrations of fallon~ we -
wcountsd for the greatest percentage of, trj
mrsafter detonation. If oneassumma~~
i a biological half Iifeof say 30 day% fiek~”

not aflect seriously the computed totaid
associated with particles in the resp[rable~-
ade impactors iudicate that about 00 pe~
particles 5 microns or less in the comm~f
e. i:
v irradiated.
is 900 gra ms.

) cubic-meters per 24 hours.
r is 0.5 Mev.
Iigihle compared to the bctn dose.

Data at tit. Ucorge, Utah

Approrl-
mxremid.

I)urationpointaftrr

11

$“c/Af
dermmtlon

(1[) 1[[ (lV)

Ii

— ._,

IIOUTS Ifvur:
........ 4.3

3,2
4.17

-------
4.0

2.38
........ 1!.6 6.3 X16-1
....---- 4,2 1S.6 4.4X1CF4
.....-.. 7.5 21.5 1.4X1O-I
........ 120 3L 5 1.4XI0-9

Samrrlc Calctflation.s

,=3 hours
84 hours (13 weelce)~=::,

.

!
,.,,+
‘J.

. . .

:,
,
.“

s rn-

_ll‘%!hsted ,
(:;~

ml. N
trnrea
0.s34) !

W) .2

[

Isa .
e.a:j

; !6 .’
0.69 -
0.14 -. , I

~
*.
.-J..:?

X 106X 60) (3) ’.’[34218480-Z]Z]

integrations from 3d hour to 13th week.

~ssume: Z?. . ..=0.5 Srcv

,1.6XI0-9 (&)(&-) =4,2x,f)-,m~

==42 mrcpg
A3: *130 Iflr(, [,s,

RADIOACTllrE FALLOUT AND ITS EFFECTS ON 3[AX
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ESTIMATE OF DOW. AT SURFACE OF lMACINARY SI’NERE 1 MILLXMETEB,q~~prsL.
IN I{ ALMU8

~:<l;n:e: Averwc activity for 30 nlillutes is 0.5 JIC nt H +3 to H+3M hours.
~~ir:el,ce nplwndix H.)

‘~:~~:~1..5X2.2X108X30=3.3X 10T
disintegrations/3(1 lllinlite:.

.lt surfnce of im~ginsry sphere 1.0 mm.
iu rociius the dose rate fro]n a

point source is

dIsIrW~jfi~, (See ~pPendix ~,)
~,,52x10-t-R

(3.3X 10; ( (2.52X 10-4) =S.3X 103 n]rq]s/30 min.
SS reps,’30 min.

T,,r Yfirticlcs of higher specific ~ctivitY, the dose \Yo(tld be correspondil]gly

__ —._

I
‘Kl)t.11.lC.

I,, ,:v

loaf ion

.:..
([lK’LII)

1

_’ —_—

_—
fl(rllrllr5l1-
rll.,lt$r\tw-
ld !Ilfirllt?
:I[r, cll:l doc
(rwt! t-ells)

111

-“,”:: tbinklng on these mntters.
Sinccwly yours,

Cor{r)<,v >1. rl(’~ slx~.

1[, <!11/1l’l, u>i{i~t, [)il!>i,,ll o]);,..’,,yylin!,r ,Ir(ll(f ill,.
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RADIOLOGICAL SAFETY CRITERIA DmrtsG ~UCi.EAR JVFAPONS TEsrI~G. ~$a

NEVADA TEST SITE

( April 1957) : Wt
‘>??*

INTRO~UCTION : lwfl
,,:J;

Tbe criteria and procedures set forth in the following paragraphs WeIW~
I[shed after full cousideratiou for protecting the health and ~relfnre of tie=
both in terms of radiological exposure as well as possible hazards, harw(
incorrvenieuces resulting from disruption of normal activities. t;riteria~~
tablisbed as guides for the Test Organization in dcterminiug whether arry~
fictions should be taken to lmotect the public.

%

These criteria are not established with tbe especlnt[on that the cotn&
nt the Nevada Test Site actually will result in radintion Ie~eIs which}’ .
greater than heretofore. Rather, they fori)lalizt> Imst rriteria to ~ve
ckmrer guides for protecting the pullIic. \Vitb inlI)roved I)letll(ds of ~~
fallout and with the use of balloons and higl]er to~vcrs for det(,]]:]ting the n~
devices, it is expected that fallout in ]x,]ml:lted n re:w frt,m fui ure tests at ~
Nevada Test Site will be less than the highest nmuuuts which hare o+]

tile past.
!i’wo basic assumptions are made in [his relmrt: Y

j<.
(0) It is the responsibility of tbp I)ivisi(~n {,f liioIoKy nnd Ife{licine h &

IIsh such criterin for the Atomic Energy C(]nlllissi,,li :(s dvemwi nec~ i
]~rot ect the hea Ith nud welfare of the Kell(r;l I Iwpolace f roru cuuseq~t
weapons tests conduct ed at the .Yev:ldn T(>.A S; tc.

a

.
(b) The operational procedures adoptml for moctin~ tllesccriteria -;!

the responsibility of the Test Jflmrg(’r, ns directed IJY the i~ivisionof . . .
Application, with the technicnl guidnnce of the l)i~ision of IIiology and a

‘he following criteria do not np]~ly to d,~({)tstic or wil~l nnil,)n]s sin~ ~
of radiation which would be significant to I!WIU w(mld llavc to be bigbm~
those specified herein. ,.J

SIXTXON 1. EvAct..\TIOX
$’

.7 L
-! J
.77

DACKGI:OLIXD ...21’

The rtecisi,m to ev~cunte a community !s critical fl,r two Imincipal r&II
One, presumably there might be a health hazard if the personnel were ~
to remain. TWO, there is always an element of danger and/or hardship top
mmnei involwd in such an emergency rneasurc.

It is rero.imizd tirat extenuating elrcurnstunccs may necoulfmny any Si&&
where conditions \nriicate evacuutiou ns n mode of nctiou. Tbe sir.2 ..of.ti
conlmunity, nreas and accommodntious avail: itjle for tile evu{.uees, weath~@
dititjns, me:ins of transimrtation nnd routes of evacu;ltion, tiisposition of -
lance cfises, protection of the property left bellinii, and n)nl)y {,tber factorg M
enter into the decision relative to evticnritlon. Further, it is recem
uuder certain conditions, the e~acuntioa of a community might imove not ~
rather ineffectual but could result in more r;)(iirrtion exposure than ffti
popuintion remained in place unless the situntion be adequately evaiuati<d
bltmket evaluation cannot be made in advance: each situation can ba rad@
The following criteria therefore are sugg{,sted as guides in assessing the ~
rntiiologicai hsmrds; the final decislou ulu.st be rnu{ie on the II;ISIS of ail rc&W@
factors known at the time. They are iutenlle[l to ai@y ~lrillcilm]iy to r-
]ar;e populations since small grouIm ruay LW evacut]ted Ivithout equi~
Imteutiul ha=rds.
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ERIA Dunrxo NUCLEAR WUPOSS h~~.

hTEVADA TEST SITE
~

~1 F,m weathering-tile mensured gamma dose rates at three feet nlx}ve the
. ; ~DJbe ussulned to decny wcor~iing to (t) “‘ for tire li~st week after a

(April 1957)
:4 , ,niti{,l), (t) ““s for the second week, and (t) ‘L’ tberea~ter.

‘7 ‘

~, F,r str~ldilw—the accumulated dose per day k 2~$% less than the out-
.“.i.

INTnODUCtlON -.9’.
~,:,ti,rsd(we.

*. ~ :1 the case of a tr~lly emergency situation where potential hazards may ex-
... . .

?es set forth in the following paragrap&”&
from the fallout or from fnass evacuation of large. po[)ulatious, !t

m for protecting the health and welfare@ ●1
,,,1 I)roper than due consideration be given to ~he .blologlcal r~l~.air

II exfmsure as well as possible hazards, ~u
~,~~, .J:)t takes place ~vith radiation doses distribute m time ( recogm~lng

)UI disruption of normal acti~ities. ~&- , Wd effects from radiation as genetic changes and life shortening may not
I ~~i~)edelwudcnt).L’est Orgauizntiou iu deternliniog whether.9 ‘1’he estimates for biological rep~ir for man are quite uu-

~~in ~,] a conservative value is used here of a hatf-time of rellair of about
otect the public.
.ablished with the expectation that the “’””<

x

:tually will result ill radiation Ierela w@
Rather, they forllln Iizc [rest criteria ~ ~
g the public. I\’itlj iml]r[>ved methodg of
]alloous and higher towers for detonatbg ~e’~
fallout in pol~ul:lted areas from fu~m t~~~

ss tttan the highest nrnouuts which have ~”

! mnde in this rcl~ort :
;g

lY Of the Divisioo {If Iliology and 3f~icine t~%
itoluic ~~llergy Ctju)missi,)l) as deemed n~_

fare of ttre geucrwl popuhlce from ~~

i?

.s
=lJ.b

$ WKL

?,qld SN
... r]

~J Ueei s.
,;fl~h 1, incorporates the above factors of weathering, shielding, and biolo@-

~ Npsir Iuto a single curve, This graph may be liuearly extrapolated to other
~ ~S[e readings. For example, if fallout occurs three hours after detf)nation
~ the dme rate is 10 r per hour, then about 67 r (effecti~@ biologie~l dew)

“J IRQccumuhited, i. e., ~1~~ x1.0=67

?t1: ,,n(,cvt WOE suggestrd after nnnlyzlng data ,from both the IS
. ,.,,,. .,, ~ l,rovioz (;roun<i au~ IS int~n~ed. to

,,. . , .

‘,<. .

r Of
.,, !.,

-.. -
It is

?“. +*.,
‘;i+ofinize(f tbiit

““d for lo[]zl?r
sotie lndi~
periods of

-iduals
time.

will
Csn

De
tile otner n

:edures ndopted for meet iug these critefi~-~
st Manager, rrs directed by the Dirisfon of i
cal gnidance of tk l)ivision of Biolo~ and l_

~ot apl)ly to dulllestic {,r ,Yild *nimalg ~~m: ,- (.(,,.. ‘, !,.. . ...... .. .. . .

*I

Ie siguificnut to tllclll Jvould hare to be hl@,ef .,..,,<,..,P5i.jol! Of ihwe rsti-ri~n-te-s’ “+111 awaft results from the eswnocd m(,llllorlw
;- ;:m uuri]jg operation i’lu{ll~bob.

SECTION I. EVAC[Y.tTtOX
.. (.,,

,, ‘&~

..<>$BACIiGROUNn
.,<j#

ri communitY iS critic~l for t,~o princlp~ ~
]t be a henlth Imzard if the personnel were’@@
lways an element of danger und/or hardship ti ~
Illergency measure.

.“-’.*’ sIunting circumstances may ncwompany any altUdM
e~ncuation ns n mode of nction. !t%e sise .~,@
Ilmodotions nvailsble for the evacuq wea~ef.~
Ition nod rontes of evncou tion, disposition of -
e prOpertY left bcbiud, and mnny other facti -
itive to evum]ntlon. Furwer, it is rccogaia@d-
Ie evacuation of tf community m[ght prove d @
d result in more radiation e~osum than**

?e unless the situation be adequate~ evalnafd.~
)e made in advarl~e ; ea~b situation can be,-
l’ore are suggested ~s guides in a.ssessfng the ~
al Cfecisioo must be matte ml the Lmshv of ~ ~
‘l’hey tire intentle(i to apply principam to _

ifIll groups may be evucunted without C@+

making early mensllrements ~nd deci~io~ ft ~ b’~
ings, taken witil SUrVCy ,~~(jt(>rs, t~ill be the avStlW
uceru. This necessitates JUUkiUg roogh appr~
fects of ~veatberiug and of shIeIdtng from ,?@

lintiou ~’xmmure. The varja~le uat~r-e of the ~
,1(.the (,stal~lisl]l]lpntof ~ prccise rule CoT’& d
fl~ll!,ivillg ll,:ly l,~t u.,(l in ]I,:,];illg c,,u~eryatire *

JiiL-
.T-
. .

,,

i

1! {t
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SECTION IL PESSONNEL REMAININO INDOORS

BACKOBOUND

RTremaining indoors (a) the KIKUIUSSexposure w1ll be reduced, and (b) there
~ ~ poAbllity that the fallout material will come into contact M[h the
~:m (Bera burns have occurred in the past only rvhen the ftrllout nmterial
~$ ~exuained in direct contact with the shin. ) To prevent or greatly r~uce
~::$Ia!ter effeCtt it IS h[gbly desirnble to make decisions before or very sb{)rtly
,-wr the ~[a~t of the fallout. Likewise, pnrtial shielding at these early times
,,,: M of [Iptlnlun] benefit due to tl~e rehrt irely high gaulmri dose rntes. Thus,
:Y deci.+n~ Iunst k based on predicted faliout in an area, or on d,se-rate read-
::, trom i,ld monitors’ reports.

i~~se predictio~ are of course sul~jcct to ~arYing dl’grees of uncertainly so
,,,1 ~r~,t!,nrl may be asked to rem;lin indoors nnuecrwsari]y. On the tither
~fid deci.’ion: and action must be taken relatively quickly if olltin]um t)enr=tits.,
,-F co be derlwf and renml!llng indoors until the rndiologicnl in for[n ation iS

~, w accurateb e~ahated wobably represents oue of the ensirw and effccti~e
,s.fi of mwtirlg an emergency situntiou.

[Ioe to ,:nrertainties iu our knowledge, nnd recoguizinK the usnnl uncqurr]
t .uilmti~;~ of fnllout, if has not been possibic to estnb]isli preci,.{.)y the Ill!lount
! fA1out ~n an nrea tb:lt could ploduce beta tmrns. The Marsi)alle.<e exl,erience

,LflVed suh effects for those people exposed to 175 r and (i!) r \vhole bod.v
PIUOXIrfitiiation, but noue for those individuals on ~lle Island of Utirik ~370
, ,.s frol~. ground Zero) receiving 14 roentgens. !Vlwtiler these results wollltt
!,,],1true f,,r ~tber situations is not known, i. e., ditTe rent particle size distril)u -
,LI, diftermt type skin, etc. At one location, Riverside Cabins, Nevadn, trbout
L pwple Were in an area receiving faliout in an nmount equi~aleut to intinity
: ,+ ,!f 1,; r(, el]t: ens, with no kuown cases of bct:i I}orns,nltll(}ugl)it1s1101known

!an.r(lue~~as out-of-doors during the thne of f:illout. Until more is learned
! [his pbc~ou)euon, it would ol)lxw.r ndvisahle to rc]])nin out of the rtirect fall-
O! mben Ibe arnouut would l~e such ns to produce nhrut 10 rocutuens Ksuinm
,.$”~;y df,=- SSSmcasnred at three f~et nbore theKrollnd. In tile event ]wrs.wl-
:.*!fire out of doors during the time of this nmountof fallwt, lhr’ ll~lssil!ilitY of
.{s t)!.)rn~(vu1(J be grently reduced try the simple ex-pe{lient of ch.an~rin$g clot Ling
,L’!of trot!, n~.

I: I@,,IjIfi ivere not nskcd to relnnlrr !ndoors during the period of highest dOse
:I[w in an are~ W]Jere tile infil,ity dose W:]S ]0 ropl,t~clls or more, t])eir actunl

w:ure n,.:hi he in fwcess of 3.9 roentcerss of wh(delmdy rnnlnm. This wonki
[ net {Js.,.yily be hazmrdulrs but would exceed the estalllished criteriti for

:WO!tIJb { c’riteriri Yl).
CRITEIIIA11

~hm the gamma dose rate rc:lding ns measnred by a survey meter held
bree f~t ~~ve the grulllld ~encI1eS t~e vn]ucs giyen III Gral)tr ]1 at the tiums
,.dica[~, jr i5 reeonimended that perso~lnel I)e rql]ested to rc]oain indoors u’itil

,mdorm ril~ddoors CIOSed. I{elense from this restrictive nction should be tnnde
u th~ basj.c of furt])er evaluation of the radioioxical c~mdit ions.
In the ~1 ~nt that there IM convincing evidence that the rndintion ]e~els .Xi~en

‘. the ~Tal,b ~i]l ~ rencbed, It IS recommended that persourrel be rewested to

“~ain indl~,rs BEFORE fallout occurs or before the radiation levels equnl those
. ~;rsr,h II. Re]ea~ frora (his restrictive nction should be ruade ou tbe bnsi~
~fUriberera]uatiorlof tileradiologicalcon(litions.

‘[is rec(,mmendsd that [Wol)le who hnd hen out of doors during fallout of
‘U a!,i,re ll.agnitude or Kre~ter be ~dvj~d to cl,:lnge c]otlling nnd to Ii:llhe.
!IeCl,,tilir,g may be clefsued by normal means. l~bile Imthlllg,special attenli,m
“’uld he p$id to the hair nnd nnv exposed pnrts of the body.
in the event that the ~onitc)riug-hkes pince AFTI,; lt the fnllout hns occltrred,

$’1es[ra[,{,]ation of ~he dose rate rcnrlioqs equuls or exceeds those in {;r:lph
I W the ~~l:mat~ till,e of fal]ot]t, thcu it k recoulnmrded that the .wme ~d~i~e
t ii~en as i~ the preceding paragrtiph.

I
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SECTIOX 111. DECOXT.4J!IX.\TI os OF 1’SHLWXXLL

B.*CKGROUXD

~bp principal Purposes for decmrtarninnting persomwl nre to reduce the

,~tnrifilbeta doses to the skin. and to a lesser degree reduce the externnl

~jlMI ex [JOsnre. The discussion on beta doses in Sectiou 11 is applicable
,7. I o nddition, there is much rrnknowo about monitoring methods for
~$,luliel coutamin~ti on. The following criteria were previollsll’ ~le~eloPed

[be Ilnsis of measllring the gammm radiations (rind then extrapolating
~~e a~~()*n*)~nyiOg be; n radimti{)t)s) with existing instruments+ Recently

.fi.field instruments hare bcrn dereloIwd for direct hrtn nmnsarcuient, but
m rmln ios considerfibIr nIOre WOTk necessary to calihrnte them in terms

itt:~ dOSC rntes to the body. Cntil this is accomplisllefl, the past criteria
jf be u~c~.

CRITERIA III

where it js not possilde to monitor personnel outside of a general radiation
‘J, it is recou}mcndcd that an est ill)ate be made of the degree of Iwraonnel
:mwiu:ltion IT dctern]il)iw tile lt~~atiOn of the in’li~id{lfrl nt the tj~e of
w, in thr event ttwre is uncertainty ns to the vnlidity of such an estimate,
~ t..n))ll~tioll \vill he lllfl~le tb:lt the in(li~-idllnl Wns out-of-doors during the
~?O: f:~tlnut. In those nwns l~herc tbe inflnitY EflR~M:I dose eqllfll~ Or exceeds
~,,(,)ll<clIS, it is rc. c,}uinlenk. f t]tat the irsdividunl tm advised ttl bathe nnd

7 (Onp-b:llf square foot or more) :
Well tli(. r(,:ldil)g of n sllrve.r iustrnnlent held w’ith the center of the PrOl~e
wafer of the iol]irxtim} chall)lwr four il)~hcs frolll the cm]tcr of the

“,.)u)ill;lted nrcn, Hluals or excewls the wslues givco in Grn!lh II t it is
,,,IUIUCH,lNI ttmt personnel be a(ivised to tmthe nltd to CllflW~’ clothing.
F.,r lwrsol)[]el being nmltitored outside tile geuernl rnd int ion fi:,ld. Wlwre
:.IIUIIcollt:llllirlati(,llexists over relatively sumll nrens of the EXI’OSI,W
~ (lc~~ than onwljnlf n squnre foot) :
iiw rt,{{)tlllll<.rlf{r(i m:]xi]llunl values are one-hnlf those given in Grnph 111.
,~j~fl~il,,q ,,f t]le l,~n,l. nrlll~, hfln{]s, lolver ]egs, and feet will be considered
,fl~il,.-, tlll,ler t]ii.s Cate!Jory. lV:~shingmay I)elimited only to tbe cmltmninnted
.ts,a]jd rIIW a chnnw of clothing may not be indicatcxi, unless the rndiotion
.!< eXCCCdS those stated LX1O}Vconcerning monitoring of exterior surfaces of

“tlinc.
“,r””~&sonnel heinr monitored outside tbe gwwral radiation field, and the
,!aulinatii,ll exists over Omy SIJOIS of EXI]OSE1) body (about the size of a
i.dolllr or ]ess) :
~be rc.c(~llin)cndednm~imnm mlues are one-fifth those given in Grald~ III.
Washiljg *uIV be limited only to the contaminntcd P:lrfs, and also a cb~nge
[Iotbil,g ,),n~ not be Indicated ~luless the radlrttion levels exceed thO%? Stnted
,m-co[l(.erning mouitorjng of exterior surfaces of CIOthillg.

For persollllel bpinz n]onitored outside the Kcnernl rndintlon flcld and the

.taminatiol) exists oyer any size area on tbe exterior surface only of the

thin::
Ile recol,lmende~ ~al\les lmder these conditions are t\vice those gfven In

JIIII III. ‘TI)e first r~omn]ended action shall be to resort to such SiMpk!

‘5 as ~rll,+ir]g off the clothing. If this action does not rednce the rndlation
?1sto twice thOse giren in Grald) III or leas, then personnel should be adri.sed
r.hau<e~l{,tbing an’ri to hfithe.

neu the genern] contnnlin:lt ion of a comruunlty IS of the degree to fmoduce an
Jnated ulnsimuur theoretical irrfhsity gamnm dose of 20 roentscns or greater,
-s,,l}l,el ,Vll{) ,,ave l,Wn outafdoor~ at any tinle dllring the first two days and
l?r~ll~. ,)i,,rjng around {n the area (ag apposcd to such an act as Wnlklng OKll~
Wfi):l’a l,llil{li Ilg nud a ~ebi,.le) sbou)d be advised tO brUSh Ofl ttle fOOt~~@~r
:[(iuors), to batt]~ and to cl,:lnge cl Othing a9 W)on as ]Iossihie after tlle ‘innl

‘]r!l llld~nc,r~e<qct) da,y. In nddil ion personnel WI)O go out-of -door~ ftm any Ieugt h
“’u). (Illrilj: ~l)e fjr<i two dars nfter such a fnllout sboold be advised tO M’fl<h
:: lI:lJliIs :1[ l~,:lst :Iftcr the ti’I,:il rerar]] Indoors euch du~, :11111ul,~rc freqllc,uliy,
W>.?It)]e.
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SECTIOX IV. DECOLWAMINATION OF hfo’ron VEiIICLSS

BACKOSOUND

~be principal purposes for decontaminating motor vehlcles are to reduce the
:Fntialbeta doses to the skm by contact with the vehicle, and to reduce the ex-
~ti] gnn)mtt exposure. All of the uncertainties iuherent in personnel monitor-

~are al~l)licnhle here plus additional ones, such rts estimntes of the probability

,~ntact :Ind the ensount of transfer of radionctire materiul from the vehicle
tie skin. The fallowing criteria for tnonitoring motor vehicles (Graph IV)

~w preri(}uslY derelo~ed, nnd until the new beta u]easuri!]g iustruulcnts (WM
..tion11I ) nre c~libr~tedt ~~ill continue to he re~olluuende~l.
tmemethod of nv~)iding or skuificant~Y re(lucing vel)i~le c~ntflniinntion [~ to
-t.renttheir being in an nrea durin.~ the tin)e Of n~tllnl fallf)~lt- It iS POSHIJle
S(fallout across a highway may be higher than that permitted for populnted
*s. When such a conditi~m is predicted, it WOUl~l k fl(i~i=ll)ieto lKIldw+i~’u-

rtraffic until after the fallout tnd essenti;lll.y ccnscd. I’ast experience h:~s

,,nn that very si.qnificantl. r less Yehicle contnmin:ltion occurs when it pnwes
~OU@ an aren afterwards compared to being prwwt {luring the f:tll out tin]e,
:bough :lplmeciallle amounts Call still be pickc{l up on the tires nnd under the
:J,lers. obrio\l~l~, there is uot n precise v:llue tllflt Illay 1~ gi~cnt but it is

mmmell!!cd that”if the nulo~lllt Of fllllo~lt ncr{lss n Illain lligll~r:v is prwlictf ’(1
he in :lu amount equivfl;eIlt to lo rwntfwl]s or Krenter illfillity dose, th:it

Jfic h telu]>Orari])’ hiilted uutil the fallout h;~s e>~~litiali~ ~e:l>d.
CBITEBIA IV

n isrerommendd that when the predicted f:lltout acrOss a mnin hi@~!~lr he
,dimlellt to 10 roentgens or wenter infinitywu1m dose, Yehicles be held
,til the f;lll out has essentially censcd
Gra[)h IV may be used in determining the advisability of decontaminfitirlg
.wr whicle.s. The surrey instrnmel)t s]loul{i be Ileltl with the WWt~r of tll~
,,be or center of the Ionization chnmber four inchc.s from any re.ldily access i-

dsurf~ce.
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SECTIOX V. COXTAMINATIOX OF TV.4TErr, AIR AND FOODSTUFFS
:::,:~ I y+

“~
BA(2KGRO~XD -.

III rrny area where the theorcticill gnmnm infinity dose esceeds 10 ~ti
adequate .w@ing of the water, nir, and f(mdstutTs should be made to -
the conditions of Wssitrle contamirmtion, if for no other reasons than M ~
tiomry and documentary measures. Bnwd on past ctntn. trowevert jt ‘-
expected that under those corrslitilms of fallout where tbc mdintion lever
low those stipulatd for possible evacuation, th:lt the degree Of ~n~
would be a he~lth hazard. Xor is it implied here that any level abo~e @ =
constitute a serious con[:ln)in:lticm (If \vorer, air, or fomlstuft’s. One good S
of reference is the IIrlrshilllese exj}t,rierl{e where the whoh.-b~,dy gamma @
Wfls 175 roeurgens yet the intern:il de]msirion frvm) ingestiou and jnha]ad~ m
relatively SUMI1. In the event of n rehrtively henvy falkmt, but leSS ~‘- -
calling for ~~ocuation, a wmllll(ul sense rule woold be 10 WONI exd ]
such ns leafy vegetables, since this i>
nctil-ity.

the nmt probable mode of in- -
“.

CRITERI.~V

Nonitori])g of nir, fod nn(l wrrter shou]d Im rno{le ns WJOUns possible ~d
nl)vre the iutiniry dose e{lu:]ls or excwxls 10 rwwtgcns. There need ~ m m
strict ire ncti(,u imposed on food nnd water lntnke In ureas whele tie f@J
1s le. s thau Ilmt cfsllill K fl,r evncwlti(m. \Vnsl]in~ otl of snch exposed
as Ic:lfy veg?!ol,lrs mrry Iw ntlrist.tl wII(,I) sl]cb ncti(m seerlis desirnble.
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-,
COXTAMINATIOX OF WATER, .lIR .4XD FOOOSTGFFS -’

‘. .“
LIACKGROUXD . . I

le tbcorctieal gnmmn infinitydose eXCCXX1.Slo roet.stg&
)e \ynter,air,nn(] fOo~St(lflsS1lO(ll(]I,e~)la(]eto ad
Ie coutnmination, if for no other reas{lns ttmn SS pm
r9 measures. B:lsed on lm.st dattt, ho~l-ever, it ta M
se conditions Of fullout where the rsdi:ition levels ~b
- possible evacuation, thut the degree of contamiMtlM
‘d. Nor is it implied here that auy level nboye this*
!an~in:~[io]l of water, air, or fo(}(htuffs. One good #
mllese experience where the wtI(Ilt+Iody Fn n)ma e-
Ie internal deposition from ingcwtioll nn~ inhalation m

‘ event of n relatively iwIry fa]](,llt, but less tbBIS*
1 COIIIIII(NIsense rule Ivollld be r,> W:ISIJ exljosed fti
5, SiUCe this ii the most pro~n~]e u)ode of fn~ ~

CRITERIA v

SECTION W. ROUTINE RADIATION Exrosuasa

BACKOBOUlfD

~he Atomic Energy Commission has adopted, as an orwrationsl guide, 3.9
~vDrgens whole body external gamma radiation for off-site ex~.mre resulting
~,)mOperation P1umMob.

The discussion in Secfion I on effects of weathering and shielding on de-
:i;uitllng the aCtUnl radmtion exposure is applicable here. Hon-erer, the facl
.,,r ,If bioloscnl repnir is not considered for routine exposures. This factor
,{jr~ On sonmtic effects nnd mny justifiably he considerwt In emergency situ:~-
~,,,~swhen it is necessary to weigh the relative hazards from radistion versus
~J:s er:lcuation. However, for ron tine exposures, the nctual (estimated)
.Yotsvn dwe should he used. To distinguish from the Effectire Biological
!!,,+ au(t the Iutiuity Dose, this exposure will be expressed aa the Estitnated
:){1:?.

CN 1A V incorporates the assumed effects of weathering and of shielding
! Cor(ling to the discussion in SectiOU I. The graph may be llneirly extrn~

MN to other dose-rnte readings. For example, if fallout occurs three hours
;fi~r detonation and the dose rate ia 300 ruilli-roentgens per hour, then about

:iree roeutgens (estirnnted dose) may be accumulated, L e., ~. x 1 =3.

.i~ djwlswl in Section I, the estlmtes of the effects of weathering and of
:!ieldi!!x mar be conserristivefor areas around the Nevada Test Site. A range
: r.),litt[i,m doses is to be exlwcted for these people since they =ill not nil

:< ]ivil)u under identical conditions. The radntion doses estinmwd by the
;r~seljt lne!bd is expected to fall within and tomnrd the upper end of such a
.ww. TIM. inforruntiou obtnined from the expanded radiological monitoring
;:,,gr:lul for Operation Plum bbob, should yield refinements In the method of
..li~,~[in~the radiationexposures.

ID fhow ctses where film badges are worn properly by personnel, the v:llues
:Ktnkl mn.r he nccel}ted ns the Estimated Dose.

CRITERIA W

E:ti[n:ttcd Doses mny be determined nccording to Grfilh V. in rhose crises
Khfre Ii In) hndces are woru proIwrly by persouuel, the Talues rwrded may
k O,IPI,IW! as tl)e Estim:] ted Dose.

TIIp !vhol~hwty gnttln~a Estimnted Dose for off-site populations should not
‘MWI 3.!) roentgens reslllting from Operation PIULUWOLI. This totsl dose mny
:.. til[ fro,)) a single exposure or series of exljowres.

nnd writer Should be mRde as soou aS ~sossi~le in@

‘(1U21SOr eXCeedS 10 r(leljtgt,ns,~llcre need be DO ~
on food nnd writer intnke in areas where the @
for evncuntifm, Washing off of ancli expOs&l ~

‘ advi.w>d when such nction seen)s desirn ble,

I
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.everal sbite]nellts to insert illthe rsw

t st:itc]nellt of tile united States Na~
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fincl rac{ioloxical couliter]nenstlrw. Nti
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‘~lle tl]ird is a st:ttel~le]~t by co]. B.
il. Lulejinn, of tl~e Air Force R

Yfourtl~ is n stotemel~t by Dr. Donald
! COrIEt IjvfiIIs, South Carolina Labo
IOR s~]l)l)llttc(l b ~:lnlcs G. ‘~errifl,~~
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X.iVAL ILWIOMWXCAL D.EFENSH L.\ JIORATOB

C?ION’ OF FALLOUT

~eaoons teat operations thnt there existedl

:hen littleundcrstoo~l phtIuoIuc210n of fall~
this sul)ject by Crnl,l,lyif]g $t,fl[i,)~ technlqrm

used iu the tietcruilu;ltlou “f blast tiud them

I
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~Nts for weawm over a wide range of yleldst. Such scaling of mdlological
:henornenn resulted in satisfactory reauita when compared to the meager ~.
~~raentnlly determined tleid data (4). As snore effects dnta becnme available
;,,u ~(l~seqnent weapons test operations (5, 6 ?, 8) the limitation of a
~migbtfor~~ard scaling teehniwe were observed and the increasi ❑g dependence
,{ [he faiiout on the d.~amicnl narnmetem involved, such as the meteorologic
~n$bks. -me apwren~ This led to the development of a physicnl mcd
.~t would hopefully explain the mechntsism of faliout such that given the re-

Jrd infmt ~mmeters a kno~l~]ge of the ‘aliout ~henonlenoio~ for any type
~ ,! ,ncle?r [ietonatiou could be predicted (2, 9, 10). This model develop~~

ris initiated bY conccntvct!ng the efiofi On SUrfnCe lnn~ detonations.
.-:l]efxtnfil rhtn were amllable for construction of such n modei. lIowerer,
~:NM realizd that this approach offetwi the most positive cit:mce of suwesa
~,~ Cmseqtlently theoretical aswnptions regarding the model input pammetera
.,,uId how to be made. This mo[iei then detlned the ckmd source and nsswinted
~~tiueters wch ns particle size distribution and rel:ltion of nctivity to particie
~Zt. A nwchariism theory hnsed on the pnrticie settiing rates and tbe effect of
:W rinds al!~ft in determining the tmjectories of these Imrticlea was CzUthliShed.
,\mfitbemailcai technique of summing the deposited nctivity on the earth’s Sur.

w WM [iereioi@ SUCh that the fallout pattern wouid then be established.
Because of the many initial assumptions made a great deal of effort was taken

h $ubsequt’nt nockar wenimns test operations to obtain refinements of these
;,lr;lmeiersiiynleasurenlent (?). This work incindett dehsiled physical, ctteu

,:11oufi m~ii~~rbelnicni nnalyses of fnllout particles, time dtqwndent studies on
:h? fnllollt sl[ch as time of arrjral as a function of dlstnnce. rate of arrivnl,
ml time tf)I*>nk nctirity. Actirity levels as s function of distanm were nm~ie
,:,6,7). Rickets were emidoyed to eatnblish the rntfiofictivity protiles =itbiu
w nmshroom clond ( 11 ). Snch experimental <iata were enl]lloycd in the re-
!wmeut of I he physirai model as well M were detailed studies of the effect
,: time and sprsce vnrintion of [be winds SLloft on tbe trajectories of the fn ll~(lt
;,~r[icles. This data greatly improved the ability of tile model to prediet the
:,,!l,,llt :in({ Continuing rofincments are being mnde. The use of a physical
LWId for llndcrstanding tsnd predict jrtg fnllout nplwars justified ( 1’-?).

.i f~llont forecasting technique has heen deveiopcd to satisfy the immfiiiftte
Mv]s of tile militnr~. This technique emplo,vs many of the model parameters
,.:ohlishe(i. lIo\vcver it wns designed for operntirmi71 use and predicts only
:!)* perimeter of the failout pattern and the rndjologicnl nxis of the nrea or “hot
:.ne” (1,7, 14 ). It is a raphi system that was tested at (liwmtion Redwing and
I ~ll”e~ T’Pr.V satisfactoryfor twth surface land nnd surface water detonations.
The detn!ls t,f this technique are described in the enclosed NRDL Technical
lhqwrtsT1:-127 nnd TR-1:{9.

There Ii:!s [lot twen developed a satisfactory pbysicrsi model for underwater or

I

~.lergroun,l tlcton:~t ions to ({ate. For these crises nnd en$-iron!nenta[ ccmdithms
, :hcr than silrface or near surfnce burst the use of scaling techniques hold!+ the
: N prol]li.e. Howerer it is not inconceivable tlmt the mechnnisrn of such deto-

1
Qriwis will be unde~tood rrII[isubsequent models f.icvelopeci.

The accl:rilcv of prediction of fnliout is very d~pendent on the quality of the
Sr!eorolo-iUa{-fl ~ta a$-ai{able. JYitb precise n!eteoroIog[cist(Ifitnthe area Of f8]l-
,,11[and (]~reCti~n of tie ax[s of the pattern cnn be excellently forec~=~ ‘he
;J:~ntitati,-e prediction of mdiatlon Ievc]s at any po[nt within the faliout area
.$ ntuctI rrt(,re-(lifflcult to predict.

1[ is corisidere({ =ntial In order to insure the npplicat[on of fnllout predlC-
‘It,n te~}llliq(le nnd radiolo~{c~l hn~ard assessment to a wide variety Of detona-
:.,,” ~on(]iti{llls that the b~s{c m~h~nisn]s re~pons{b]e for formntion of fnllOut,
..,> eri]er!t ,,ffn]lout In~terj8) in afon)ic CiOUdS, its dispersni by meteorological
!’,rcm and return to the earti]’s surface be thoroughly understood. only a ~gfn-
:.:ngt,]deYeIop Such an orgnniz~ get of scientitlc data has 1)(?cu made.
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2. procw{]jll~~ of the AFS\Vp Fallout S~rnpoSiuItI,AFS\YP S95, January 1S

I
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5. Xtiture, Intensity, fltld Distribution of Fallout From Mike SIJO~ ~
5.4a, ~lperntiol) I\’Y, lY1’413 by }\’. 11. IIeidt, Jr., et al. .iI)ril 1953 ( s~n

6. lJistributioo nnd Intel]~itS of Fn!]rrut, I’reject, 2.52, Operlltjou CA
IVT-W5 by R. L. Stetson, et al. January 1$)52 (secret RD).

7. C}mrrrcterization of FnlImrt, Oper:ttion RED\VING I’reject 2.S3, ITR ~
T. Triffet, et al., April 19:7 (secret 1{1}).

4

S, Fallout Stlldies During Olwrrrtion RED\YIXG, pro:rnm 2 summary,
137A t,~ A. J. Vrtn Litlt, Victor, et trl. octolw 19W (swwt 1/1)).

:), ~l,lleroil]n] C)OU~I Tlwory by J. M. McC:Impbell XR1)L TM-11 Scpte
l{CI-J { secret RI)).

10, T})eory of Fallout by J. M. McC:I!UPIWII, XRDL TR, in frrepfirati
rer RI)t.

1

11. Wdwt ~eterminntiorr of .\ctivity l)istributiorl JYithirr theStairilu
by R. R. S, MIIP, 1;. C. Gl!ilforil,ITR 131.7(secretRI)).

12. I’rocee(lirlgsof LIIE!It:]nctSyu}posimu on Follout 1937, unpublial&

hfEAS[l:EIIUX’r OF ~AI,IOUT s.“:,
It tI:]s been tbe mvrall ohjccliw of the fnllont nmnsuremcmts tunde by “

4

nt the Sel-ada test site (3, 9, 12) 311{1 Ihe Eniwckk l’rrrviltg Grounds (~
t,, ol,l:]in [h”~e dfl~u which !J{}uld tilli))v [,rt.{lic:iol] teclt!li[lllt,s to be teSt
as.ws>n)twr methwls derel{lll{,d f{}r Ihc. r:l(lifllngic:l] sit~l;ltiuus resulting
II i{lc r;inue of uuclenr ctctormtii)l) Colldi[iol!s(S). -J“

Since falk,ut prcdictious res,llt iu the Construction of xsmnm intensi~
tours. oue gruup of measuren]wts hss fwturwd the collection of exper
data f(lr wcb contours. I)ir(,ct u,eaxureujcrlt of ti)e gmuIua ionization .’-

va Iarxe numter of points in tbe fall(mt area \vith trhnud surrey meter

3

sim~dest nnd in U1OUY ways the lu{wt satisfactory method of obtaining t.b~
of information (2, 4). U’heo tile fallout tIrrs been del)ositr.d on a solid
as in Ne~ada. surveys of this type ha~e gcnernlly Lwc1lusL,d and further “ j
mented ~ith tueawremeuts on iustrumswts calibrated III terms, of ionizati,.
the activities of samples Collected rrt certain locrltions for the primary
of pbj-siml, chemical, nnd rodiochem icat studitvj. When the fallout MS:*
deposited On a \vatur surface, as in the I’ncific, certain ot}]er rncasuremen$tx
required for The intcrprctntitm of survey results. L&’amse of the may in ‘W,*
the fallout material settles nnd ctis]wrws iu the !yutw, it bss been neceaaS

4223mensuw its di.tributiou to the totnl depth of nlixing at r~ch ~int of m
nrent bef{we [he totrll f:tl]out deposited at tl]at point could be computed. @

lIIIS been ricct,ruplisbed in part by the use of ~ rn{ii:ltjoll sensitive probe W-
could be kuvered to various (Iel)thsjmI(i in par[ I,v,l){,asllrjrl~tilenctiviti=~
snmpIes collwled nt rnrious dc[ths. I~otl)prtwdtir(.s ha vc required critI(’81~
strrrment ralil.retirm.s nud theoretical work illyo{viljg n Illrl:liwr of assumpti~
horvever, and ir is probable thnt the res,lits ~re ,Illlcll ](.ss ~ccllrate than W@
for the land surface cnse. In general, tbe mensurcnlents of this kind made ~
NRD1. b[ire sbowrr that nrens of tbe ordc,r of tells ,)f Sull:lre miles nre Srrbj@

I llt early tiures10 ionisrrtion int~nsities ~rt,:,ter tl}nn fj rjl, r. 11~ events in tbe JW
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Distribtltfon of Fallout From Mike SbO~ ;
5 hy \\’. R. Heidt, Jr., et rrl. April If)53 (SWN
lSitY Of Frlllout, Projec~ 2.5a, C)wration cd
nl. Janunry ]93s (.wcmt RD).
IOULOper:ltion REDwIXG I’reject 2,03, ITR I
(aecmtRl)).
@erntion Rt2DwIXG, progrnnr 2 sururnar~

,r, et al. October IWO (swret RD }.
Y by J. Id. ~lCCaUIpbCl] SRDL TM-II Scpt~

J. M. McCa U)pbll, XRDL TR, in prepnrati~

“1of Activity Distribution) \Vitlliu the Stilbil~’
lTI~ 1315 (secret RD).

d
nd Syrr]posillm on Fallout lt)37, uupublisb “ i

1
fiW Of tb~ fallout n]easllrernel]ls nlade by -
12) nrl(l Ille I;niivetok l]roving (;roulldg (~’
IIrld fltlO\!’ lWdiCticm tw.llniqllt,s to be test~.

for ttlc, r:[diolo~iclil situations resulting
111Conflitiot,s (S).

1

!.
Ult i)) the C(lrrstructiorl of gni]lr]la intenst I

{Jl]ts ba~ fc>atured the cotlectiol] Of exper

‘t rneasnrelOent of the gamIua iouizrstion~
Ie ftl[loUtarea with trb:III(lsl]r~ey meter,
tnmt satisfactory method of ot,[:lining tblsI

‘he frl)iout bas been depositt,d on a solid
We hve gerrertillr been used nnd further ‘
tnstrurneuts calibrated ju terItls of ioni~ti, “
ted trt certain locations for tile primary
iocbcmicnl studies. lVben the fallont hq~ ‘
s in the I’rrcitic, certair) other Znensuremezrg

4

of survey results. Lteca[lse of tbe way in ~
disperses in the wntpr, it bns &eu ~

total dcptb of mising nt eac}l point of m
:prssited at that point cou]d be comput~ ‘~
bY the use of n radintioll sensitive probe w~
~tbS, rllld in port by lll(~asllril)g []]e nct]vt@d
,tlls. JIotl] prfwed~lres ]1:11c required critical~
ctical work invoI~-iug a llljllllK,r of ns~um@fa@

the results are n]ucl] 1,,..s nccurnte than M
enerill, the Izrensuren)erlts of this kind madi,W

the or(]cr of tens of sq[l:jre mi]vs r-rre snb~
Iaities grwiter than 5 r/llr. hy e-ien& in the W
of tll Olls:llldS Of square u~ilrs to !c,ni~fltion @@
ta in tlJc NT range. GVCIS of ~everal tho#
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! Y. at rnrly times for both yield rnnges hnve been measured or Inferred,
less than 1(I l~rcent of the total affected area WLS estinmted to bfi~e,l@@

While the probable error for mntours from survey,fprieuced these levels.
, .Izttion rate measurements baa been estimated *2O percent for Se~ada KT
~~~t~, corresponding lsnd equivalent contours for MT events in the Pncitk
~mot be estimated closer than within a factor of 2 or 3 at tbe present time.

.Luother group of Ulensurelllents hns hen directwl townrd obtainitw time rf~
~~,le~t &Ira, suctr as tbe vnriat ion of tbe gamma flel,d Intensity fln~ gnlll!na

~.,rg~s[)crtrnI1lwith time and the distribution of particle sizes tlelwsited with
::,e at a Iiurutrer of locations in the fallout area (10, 12}. Such iufornmti{ltl
:. ~~ied both to CbCCk model them’ which rields silllilfir res~llts and to I’r”-
,,jt 8 com])lete descriI)tion of fntlout phenoniena.

The chnnginp sfl[un rn(lirr-

!,~ field hns usually been mezsured by menns of nn instrrzlllerrt whi,’b rwor,led
. .reuents of Ionization dose received at its location from all sources ~~ithirl
~it time intervals, while gamma energs’ sIrectra hare beeu ~ensur~ on fallout
~~lples fr~llu a knot~n fallout area with an instrument uliliziug a cr~stnl de-

;fiw, a tlhotorzrulti~lier rrrld a ~julse hei?ht ‘iscrir11i113tOr ( ‘I 12 )‘
NRI)L

~+Uitshave showu thnt the gamma radiation field duc t,) ffillont outside the
i:,~ of severe blast dnrnnge tends to build up to a moximum iu npl~rusin)atc[y
:K]ce tbe tiu~e required for the fallout to arrive. varying frolll n ftnv minutes

:ar rw~ltld zero to 24 ~orrrs or More at distances of orer lM miles. The

:Ji,oactive decay of fission producL~ may be approxiznatel.r by a straight line of
, ,w1.2? c,n n 10K log plot; ho$l ever the more g(’ncrnl c:lse iu whictl s[,v(,r:ll
,duced activities nre Imesent, nnd the fission ]woflucts :\re fr:lcti{lll:lletl. lwr(ls to
I roruplex {lrwty curre. Spec!ral mensnrenwnts show the a vern w encrx,r of

:k fallout gamma rrzdint ions to vary from about 0.6 Mer. at 10 hr. to 0.3 31ev.
,: 31~hr.

The deternlinntion of pnrticle size rtistributions with titllc }):Is reql]ire[l the
(.,~dopl)wnt and applicntiorr of specialized collcrtors c:l]ull,le of sfl:nlliiliz nnto-
: Jricfilly over consecutive time intervnls from n few nlillulvs to nn Ivjrrr or nlt]rc.
). !rell n< special methods nmf instruments f{lr sizing nud cflllnring tile ~{11-

- :ed lj~ir[ ic,les. It l)ns been found that lmrticlcs with dianwters b~>t!Vt’t$ll
;{, ] ~11(1~LKI,)iicrons l,redoln inate in Illost coltef.tioll.s wittl I:lrr(’r 5iZC$ (~,f!{l:l–
: ,((I micr{,l,~) increasing ncnrer ground zero nntl snlnller sires I2(1-lW ujicr(m~ )
::,(re~sil]g farther a~~ay frt~ul ground zero- lU gellrr:ll. d:lr:l of tlli~ kind. tmillz
:,, re dir(.c(, are InOre r~li,~ble for co]]]t]ntirrg frflcti,,!l of rile bol!ll) in the tot:l[
!~ll,,ntt)):]]]surveyresults-a lthotrgll several sourc(,s of t,rr’or soch as smuI)lc
! ~s 11 nll,l radiourrcli(le fraction ntiou, do exist. 011 the whale utilizwl ab{)vc,
i.andnrd error jn fraction calculations might be estimaled nt nk,ut &2: lJer-
rmt for tile gnnln)n energy nnd emission rate nlcthod. as olIIwsf4 to Iwssil,ly
wveral l]l][ldred ~rcent by ttje suryey nlethod for !vnter surfaces 9Zld less than
;MJ percer[t for land mrrfnc~s.

Mensire l,hysical, chenlical. and radiochenlical arral~-ses bare been per-

!,maed cm the particulate pro{! rrced by detonations occurring ou the Mnd Y Xeyfidn
hJiland on ~ornl atolls and the ocenn surface in the I’ticifiC. The m~ss of such
~aterial rIS well as the fraction of the bomb deposited per unit area at a number
( f lwatio~.s hns also been determined by weighing coll~ted snnw]es and l*r-
ff,ruring r~dioctzemfca[ atNl@I?S. Since fallout ingestion constitutes a sepnrnte
!azard from e=~sure to external fnllout radiation, and since connternlensores
tmf recoyerr proc~ures de~nd heavily on knowledge of the vnri(~us Properties
(f ~~e cout~ruinan~ ~nforlllation of tb[s kind ts essential for aqsessmeut lur-

lmes.
~RI)L LImSconsistently emphasized meamrrernents of Iwfrl fnllout and cbnrne

ki~tiou of f~e phenomena asWciated ‘ith ‘t. It has been possible, neverthe
&, to estinlatethe fraction ayallnble for WOrk~Wkk fallout by Subtraction of
lb?localfallout from the to~l pr~uced, and thig hns been fOUnd tO be sOlll&

Ihg of the order of M ~r~nt for both land surfncc and writer surface e~ents.
x closer estimate can ~ gi~en &ause of the n~auY uncer~luties and ‘ources. ,)
:! [~~sible error in the measur~ments aud calculations.
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EXVXIIONMFXT.\L .lEr{osoL AX~LY6M

The Unirml Stotes Xaral Radiological Defense Laboratory (USINRDL)
‘. .

o]i(l an:llyzes daily s3erosol s:iml)lcs for rlirbornc acri~ ity of air pasaing ov@*
I:ll,c, r:lrory. l’!vel]ty-fonr-hour rrir Saml)les bare been collected and

T

(l:iily since Jnnursry 1!)30, and is a continuing program rrt tie laboratoti~’ -
nllac’]le(l gr:lphs present a Srrmruary of tire tong-lived activity and ha~.lffe
these dailv aerosol saronles. Additional nn:]l,cis on representa~~e ~. ..
mluples in;licated this nc; irity is due to airborne beta-gnrunla fission P . “ ,

“3

‘LWe approprinre dates of the vnrious United States nuclear weapon tesfa
in(lic:rred,

Ir is obserred frcmr tbe graphs that In 1950 there wrIs essentially no
. .

product actirity in excess of 10 ‘“ pc/cc. In IWil, the aerosol activity rose .“ ““
the Rnnger and Grewrbouw operations but then dropped t)nck to an av
3X 10 ‘“ pc/cc. Sucrwssire rises nnd falls of the aerosol activity are noted fOr
succeeding yenrs. The rises in rrerosol activity, fall of ]931, 1953, 19~ l+ ,
IOjG were not produced by the United States or L’nited Kingdom nUClear
tesrs. Sir,ce LWerntnm 19.5.5, the aerosol activity hns ~rsried betw~n 10W<
10 “:gc/cc. In other words, the fission product actirity background was I* ,.
10 ‘“ Me/cc in 1930, but Is now around 5x1O ‘u pc\cc. Ttse present concen~
Of nirborne fission products Is at most on~tenth of the natural radiative a-
( rfi~l{)n nnd thoron ) concentration and is one-fifty thousandth of the fndrtd@
Srmxil]]l]rn t$ern)isslllle c(n]centrntion for Contlnnous exposure w undete~
lnistures of bl,tn-grr~rua emitters.

“6
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Naval Radiological Defense Laboratory.

USNRDL-TR-127.

A FALLQLfT PLOTTING DEVICg by E. A. Sehuer

30 NOV. 1956.19 p. iutss.

bNCLASSIFfED
A fallout plouing device was &veloped. The

method requires no drafting equipment and is

i~~llY suited far field USC. At Opmstion RH2W1NG
it was found that untrained personnel cotdd quickly

become proficient in it$ employ rrh5rrt.

I
,:::

1. Fallout - ~:,

mapping ,>

2. Plotters

I. Schuat, E. A- ;

-!
.-l

.

.,

~ ,.

A FALLOUT FORECASTING TECHNIQUE ~~lTH RESULTS OnTAINm AT

ENIWF.TOK PBOWNG GBOCV!D [DUAFT]

E. A. Schtrert, USNRDL TR-139, United St~tes A’aral Radiological &f’
I.aboratory, San Francisco, Calif. ‘h’

-.
ADMIh-[STB.\TIYE liV~KMATION .*

.. >
Tbe work described bcreitl is a I,art of the research .qlousored by 13sIfjM~ ~

-,

tlte Uuited States -irmy and Iocnll.v designatd as progrrrnr 2, problem& p~~
Its techuicrrl obj(,ctire is A}V-i nnd it is described ou I{DR card NS 081a ,3

!
‘ ,: ;y,,

6c’111.f Arrr , >,.’:$.

TIIe Ilrobleln : .% fallout forecasting technique is needed to qualitativ~b
scribe tile fttllout hazard rwsultiug from nuclear detonations, This t.echrd~
simnid imrc such flexibility timt its ernljloynwut is Talid for lield use. ‘.

Findings : A summary of the latest experimentni and tiseoretical conslderaUm
has resulted in the developme]]t of a tcwhliique whose complexity is deptm~
on the required accuracy of the results desi red. This techu[que has beeo Mb
factorily tested at tile Ihiwetok E’rovirrg Gruunds for Ian(i surface and +vatu
mrrfnce bursts. ... .

ABSTRACT

A generalized fallout forecasting technique is presented with detailed co~
tatiolls of iupu[ lairnmeters for u-w in the Marshal Islnnds.

Itesults obtained at a recent weapons test are briefly discussed by coma
of forecnst fallout with preliminary rnensured data.

,!
..&. ~

1. ISTRODUCTIOS
~:

...?~>
Faliout research continues to seek a theoretical working model that fi~~

Scribe in detail the meci)anistn of fallout.. Aside from this long-range prob~
consideration must be giveu to snaking available a working tool that wfil @
the needs of the military for solving fallout problems in the field. Srsch-
sideration requires a slrupliflM rapid system ~~ble of producing q~~ti!t
lf not quurttitative results.

~f objecfit’C
~i~ report descrii)es a

.rfipms-test ol~er:lt ion. g
,Z[,leg of the reliability
~cd for aunlysis oi iani
~,~[,ljlicfition to water su:

Within a program studying fallout at a rwnt weapons test operation ti@
was a fallout forecasting assignment that had many aspecb of the prrlC@

w:l:J”-37—pt,l—
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[

~ ~ctirit~distribtl tion{nsotirccmodcl

~e greatpart of the acti~ity was assumed to be concentrated in the lower third
~e ~udrroOm. Tbelower two-thirdsof the stemwaa ignored; the remainder
tie ~tem nrrd upper two-thirds of the cloud were weighted lightly. This

~ription (tig. 3) of the activity distribution within the cloud appeared most
~@aable i[l tile ~kht of nvnilfrble dflm and logical theoretical crrnsideratimr~.
pzrctlYltY ~~”as couceutrated nearer the axis of symmetry of the cloud than
~jt~ outer Wl:es.

jjj ~ar\~7c ~~edi~friht(tiOn i/lsolJr~~,), ode~

All partl~l: ~l~es were nSSuu)Hi nt all elevations within the cloud exccl}t the

#tW@flllr{lS Of the sfpm. IIowever, to obtain ngreement with past fallout

~suremen[~ nnd will: tile oPtic?l d~ameter of themusbroorrr, it ~asnwessnry
Imrtwle size d!strlbutimr rndiaRy within the cloud. Other-~ fractionate the

fnllout ares about groond zero would be too lnrge. The,* the couil~uted
~CtiOnation was slwcitie<i as folloivs: pnrticles of 1,000 microns in dinmeter

~hrger N-ere restricted to the iIlner 10 percent of the mushroom radius or
~sinrately the stem rndius; those from 500 to 1,000 microns in disilneter

-limited to tile inl)er co Percent of tile cloud radius. Since the relation of
~rit~ to P:lrtl~’le size iS sonje f~lnction of the ~nrtic[e dianleter this fractionntiou
~toconci’ntrnte thenctwftya bout thea XMof symrnetryof the cloud.

,.. .
Computati’?]s of.the terminal. ~elocities of tl~e particlw were based on acro-

~mic con=de~atlons for S3 still @InosPtlere hnvlng temperature and density
@ibut,ions tYPlcal Of tile hfa=hll Islan,ds atlnosphe~e in thespringmontbs.

I@mmeot? dab from Past @~ at ~nl~e~k Atoll mdlcakd that the particles
ti irregular m sha~le and l?ad a mean density of 2.36 g/cu cm.

Itcsrrbe ~llown tila}Partlcl~ !allmg at tpeir terminal speed experience three
W@?of flow In a flu]d: streambne or larnmar flow where viscous forces prc-
~mate, (10-4 SR4S2.0); intermediate flOW where inertia forces predominate,
3sR, S500); turbulent flOW where inertia forces predominate, (500 SR, SIO$).
MOW a Rewol~s nurnljer,of IQ-4 certain correctbm must be applied to the
qdions because tile.particle cbameter approaches the mean free path of ihc
&d mediul~!: tile re~lpn above a Reynolds number of I@ is important OUIY in
@listics. ‘Iilese Iimltmgcases will not ~e discussed here.

Ti)eparametcr-s actively affecting aparticle’s falling speed arc: its weight, its
hccoeficiellt, its density, m m-ellas the fluid densi~y andtluid viscosity.

\[ost empirical equations developed in past experimental work have been for
~~cre5~oPl,ediIl vnrious liquids. Some work has been done on irregular shal)cd
wticles and some done in wind tunnels. The equations] used to detcrlnine
wfalliog rstes for particles in a fluid medium fo[low.

l’Or Stre3:21il]c motion, lo-4 s~. s2.o

“*=K(’%9‘d’)(:)-’
v!*:e ~., =tcrmirral velocity in cmlscc

~=particle density in gmslcm~

~.= fluid density in gnM/cm~
d=pnrtic]e dinnletcr in cm
~=:ibso]tlte viscosity of fluid in poises

K,=constsnt incorporating gravity
=54.5 forsphcrcs
=36.0 for irrcgula rsbapcdptirticles.

Thelil~li~i[)gdiameter towhich Eq. 1 boldsis

“=(952J”

“=(%%3’”
z irregu]ar sllapcd prwtlcle.s.

(1)’

‘J. LDa:!~val]e,Mircomerjtlcs, Pittrnmnruhlisblng Corp., 194c%
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For Intcrmcdi:ltc motiom 2.0s 1?, s 500
.%

1“=K’ (%9’%9-’”’. “~~$
where d.=d–&f’ !-...

f= 0.4~or splmres
.,,,.. ~ \

t=O.2/O for ]rre~ular dupes
,.. .(. .

d’= Iilnitirrg dianleter to ]vhic]l strrnmlim’ motion applies : ‘~.
K,= 30.0 for splmr(s

= 19.0 for irr(gul:ir slispcs. ,..’
,.. .

The limiting di:~mcter to wl]ich the lq. 2 holds is :%
&@

for sl]lmrcs
d“=’’’’(iap%)’n

( )~J,=~f _L_ ‘p ,, ‘: + ,
9P”(P – P.)

1

.: .,

for irrcgulm .+fipcs.

.,
.:

For Turlmlc~lt Inotiou, 500s R, s 10$ “~~

‘“’= ’’’[r%)dl’n .::: ‘

Zir=.5-t.6 for spheres ~;i;.;-

=50.0 for irrcgu]:lr p:lrliclm.
.:~ ...‘.:

.di.1~
The question of particle dinnlrter Iwm]mes puzzliug when the equatia’

irpplied to irre; o!ar slmlwd particles. A! fhougti the eqo~ltitms for irregutar:
particles cannot be apIdirxl to au ia(lividual pxrt icle, they are nssrmred k
establishing the avemge falting rates of mauy i rregulsr p;irticles clttsterh
this dcfiucd size. . .

. ,.

/!
Mnrsimll lslnnds atmospheric conditions dcte~lllined the ~fllues for the d

nnd Tiscosity parameters used in computia: lairticle falling rates. “Av
data on tl)e tmllpcrature, ]Irewwrc. (Ieusity, 81)(I ~-is{{~sity ns fulictions of al ,’”
for the atmosphere coum]on to the Marsha 11 Island area in the spring
follo\v.

It was not possil)le to use a “stand:ird atn]osl)ll~re” in tl)is problem:
such use introduced a htrxe error in tlw p:irticle falling rate at high nlti
!l’his error originates primarily bwause of the assullwd isljthermal la~rr a
the tropopnuse. . :,

2.1..5.1 2’CwpcrOttltY disfri(,lffiotl

1

,;p
..’.

From the weather data [Itiblished by T:i.sk I:iw~v JV,ull]t,r C(’utral at OMYS
Custle, four published radioswlde ru])s uh[:liucd tvml]~,raturc nleasurenren
hirh altitudes: ,,,

-- hlnrch 1, 1934, OtXKl 11 Iiikil~i

March 27, 1!!34, 00(HI 3[ Bikini
AI]ril i’, 1!).34, O(NO 11 IIi!i ini
April 2ti, I!K4, 0(;10 31 Ilikini

ISO data were available almve 67,000 f{wt. I-orlnll:ltely t\vo of these

4

pcoetrat(,d the tr(~),t,lslosc which w:is Iocatcd at :11~mlxiut:ltelyW,000 feet.
extend the lllcasllrc,(ldata beyond 67,000 f{,[,tclilj]:ittil(,:~i(:llav~,r:lgesa for la
1~. Xorth ,Yere f.u]ployed. i\gr(K’Ul~Ut With IllLI:l>llr<L(l (]:lt:l 1$’11S Sati5fa
exc~pt for the r:lngc from L(I,000 to Wl,Oll(l feet v )l,rc the climatological ~
indicated a well-deiincd isOtll(>l’lllill layer. ThP UI(NC ~igui[io:l tit finding fr
measured data was the cuaII)lete lack of au i.sf>tl)(,rl]]:tl l:i~er above the tropo
Ilistwitl, a distinct aml rapid invcrsi{)ll JYaS iItM,rvt.d WIIICh JVIIIIIIextrapotat I
a straight liue agreed with the cliulatol{, gical (I:lt:i ol)~,ve 7( J,(H0 feet. Shl
atnmsplwre was to be dcfirlrd to 12(1,()()0 feet fllrtll(,r (Jxtr:il)t]l:lti{lfl was n
The only tem[)ernture data available nt tliesehither nltitll(leswere tik
rockets’ over lYbi te Sands, X. Mex. A plut of 3 lwints from the rocket
justithxs to some extent a coutinuw.f extrtrlwlation of the curse to 120,000 f+

Iiq.T. U.-13 operationmemo So.
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f?.1.6.s Density distribution ‘“~

The density distribution of the atmosphere (fig. 6) n-as calculated from’b
perfect gas law using the above pressure and tcmperuturc distributions, -’-

P
P’m

where the gas constant was taken for dry air. This assumption of no mofst~~
the mixture introduces an error of several percent in the lower layers of *
atmosphere where the relative humidity is high; however, it can be safely ne$l~
As well, the latest theories on the composition of the atmosphere indicam It ~b
constant to nltitudes above 150,000 feet which justified tllc resumption of S @
vtiryiug gas constal]t.

.,.
- !%%

.8 ,0 Zo 30 ●4
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~!.~ I“iscosify dis(ribu(ion

~E~ variatiOU Of absolute viscosity with nltitude was computed from the
~+n.edtemperature distribution using Sutherland’s forrnula,~

‘“”’’(w) G)’”

‘=00”0’(-) (a’”
r~e:~ (i eqnmls tcvnprr?ture in dcgrcw Kelvin and p is viscosity h centipoises.

f:,,+= dot:l m plotted ]rr figure 7.
~:e dflta on pressure, tcmpcr:iture, dcn>ity, and viscosity in 1,000-foot intervals

~ 1>],000 feet nre sumnm’ized in toble 1.7

Altitude [(ccO :emprrnture
“K

rr&:re

——.
1,MM

MO
P:{)
W)
(w
870
8$.J
tm
ml
770
740
u)
w.)
C*W
(>1(1
GM)
w
570
5!{1
W( )
w)
4%)
WI

e 8pri)lg

ncmlt!
(Klcrw 10

1.17
1. J3
1.10
1.06
1.03
1.0

. w

.94

.!)1

. s“

. M

.a

. w

. ~s

.,6

.73

.71

.69

. Iii

.6.5

.&i

.61

. W

.57

.55

..53

. .r,.~

..71

.49

.47

.45

. 4L4

.42

.41

.39

. :{q
:37

.36

.35
.33
. 3“
.31
.31)

w
: ;9
.27
.?0
.25
. ‘x
.23
. T1
.21
.m
.19
.18

Vlw.mlt y
(poi.ws 109

Rt
.s3
s25
h15
S]()
W)5
795
785
T$O
m)
X5
;7,5

74,5
740
ml
m I
715
7(I,5
6!(s
(’,..;
1;75
(.,8.,j
F,,-,->
{;45
(’ii,5
( ?=’
c,] 5
<$N]
,5$)
,s\)
5;()
:$,’1
51.5
5’{ i
W .i
5111
.5 n)
401
475
4*;,5
4,%)
41,1
44)
4 :*)
4(I5
3.15
3.sl
370
3,M
345
!35
m
110
FJ5
!s5
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2.1.5.5 !l’crmino2 cclocit~ conlputafions

24,;

247
24,1
‘2:,0
2.$1
X,;;
~r~
2,-,,.,
~--l7
~.-,$
2,-,!,
2(; 1
2fL7
X3
y-,:,
2M
m
x-m
270
!271
ZJ
‘X4
27:,

I’rr..u, re ! Ih-rl.lly
(Al r)) (Iwn:.w

rls I .17

12
II
1(1 .5
111

h.fi:
K,4,
51!
49;
4 C,,
44;
4.25
39
3.7
36
34
3.2

:;:5
:L!,
::;;
.105

11)
: (r14
. Pwi
. 0s3
. 07S
. { ITJ
. (1;[)

win
. [K(2
. (13s
.054
.032
.04 !1

(lIii
.044
. n42
(ml

. 0:{7

. 0:{4

. 1$:{2

. ml)

.029

.027

. om,
W!4

.021
,“2,5
. rrm
.019
.018
.(lli
.010
.01s
.O1.i
.0135
,0130
.0102
.rllo15
.0105
.010

m-m
. rmw
. (K).%
. mm
. I-K)75
. (X)iO
. C4sin
. O(IG4
. m-i)
. rmfr
. no54

rmo
.0348
. oor4

C(242
r4J’4rl

The rrvcrngc falling sp[ed th r’ough 5,000 .foot layers was c[!mputsxl for 4 tide
6izes over an altitude ;nngc fron~ O to 131,000 feet. In thes~ computnt~o~”!ll-1
in-tlight transition of the pnrticles from strerirnllrre to Intermedirrte flow bsd
to be considered through use of tbe ~lot sltown in tigure 8. ~,

RADIOACTIVE FALU
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.3:,:,9.5
w
s..!
m, I

z,
27’
24
73 ~
m
~, \

xl I
19 I
]’+(
~: ,

;2
14.5

H
1!2.5
:2
11
]0.5
10
95

:.5
s
7.G
7.4
7.0
6.6
6.2
60
S.6
s.4
b.1
4.9
4.6
4.4
4.2
3.9
3.7
3.6
3.4
3.2

.17

.16
1ss
:145
.14
.135
125
:115
110
“105
:10
.094

:l&
.073
.073
.070
.ol-i6
.(K,2
.058
.(L54
.052
.049
.046
.044
.042
.039
.037
.034
.032
.030
.029
.027
.023

:&%
.0215
.0235
.019
.018
.017
.016
.015
.014
.0133
.0130
.0102
.01015
.0105
.010
.0095
.0090
.rQ%5

:%%
.IM70

:%&’
Ooeu
.00.56
.0334
.0050
W4L3
,0044
.0042
CQ40

1S computed for 4 partlcI@
n these computations:hfi
‘O intermediate flow had
i. ,,,

,“

“:i

[ “ --k+.- : “-”’.: =!+-+

J~-=k-4-A-----+ ---+--- -:--–+ -–’ ! ‘ i --+—+--+-+

M Trana.itio51:0=0 for Un Huwbd.1 ,Islaxb w ●
; i L- ‘--
1.

Funo&”k Pla-ticlaSa.s ad Altitu+9 4-4?4 I -t ! I ‘7 ‘--i---’” ‘“’T’-:-%+” .~

L 1 t L_~.d.__._l .--L---J - ..-J—
G 10.Z43040fo @w~?O@O #to

. d4Z/.U4DE .{~Q~z) ___ - -–— ‘Y .-i— _________ . . .

Four porticle sizeg (75 p, 100 g, 200 p, and 3.70 P diameter) were enlPlOFed
‘!npe Iherc wns evidence from past tests that the 75 P particle defined the limiting
~:.ta[),:~ of fallOut “f interest and the larger sizes best described the pattern
~ihiu rhis limit. Table 2 presents the falling speeds computed for the 4 sizes.
Tsl,]es q, 4, ~, and fj displaY the ~um{llntire time of fall from a given altitude
[Jr t~,,,e ~,:lrticle diameters.
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TABLE 2.—Falling apeedu au a function of alttlude

~.4DIOACTIVE F.~’

[Falllng SPAS (foot-hour)]

~ II Altltude I 16
1

Altltud@ w

o..----------.-.- a,om
b... -._.. -.__. 3, 1X3
lo... _______ a, 200
16--------------- 8,270
m.._. . . . . . . . . . .3, 3ro
25.............. a,47rl
am . . . . . . . . . . . . . .
W . . . . . . . . . . . . . . .
Al . . . . . . . . . . . . . . .
45 . . . . . ..-. -.-...
60 ------

yo;o 11.5 to
110

lot-i
105

100

5,lno
&240
5,48n
6, 7s0

t%
6,380
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6,910

?%
7, W3
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m
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15,am
16,3f83
17,.5W
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- -
=.1(0:
$:

27:lm

2%
25, m
2A, m
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23, m
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n,bm
22, m
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36,R4Nl
33, m
u, 3im
37,e4m
40,rm
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47.m

4, :m
~ ~:~

8,910
8, W
8,720
3, Wf
8, 5.x3
8, 4;0
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7,m
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6,W
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6,470
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6,Om
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—.
/
.,., ,oll~ . . ..-
. . ..olltl . . . . .

~,, )(:, .. . . .
.,,, I<”l. . . . .

....
(1..?
1.1,?
:, !,,
:.. 1,
.3. ~. ,
4. 1.4.

III I

TABI.E 3.—Cumulatiuc time of fall for the 75-Y pa?”ficlcs
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2.94
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15.78
16.w
18.Is
19.41
m. 73
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24.OS
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I15t0 lmtO
110 1 105

85 to 8010
so 75

1(!0 to 0.$to
us w

Ins t{
ml

75 to m to
70 63

.... .. 4,192
------ 4,110
------ 4,010
. . . ..- 8,910
------
. . . . . . .!%
------ 3,em
------ 8,s?0
. ----- 8,4iti
------ 8,4(M
------ 8,3.30
------ 3,2m

——

...... ....

.............

......
.......~.....:

......
0, 7.{ . . . . .
1.44 Oil
2.13 1.41)
?. M) ?. 07
3.41: 2. n
4. Ill :{.:17
4.75 4.02
5.4;! 4.711
(-!.14 5.41
6.A$ 6.15
7.th; 6.!,3
8.45 7.;2
o.X 8..S1
1(I.1? 9.:{9
II,rl 10.24
11.94 11.21
1~,g, 1?.18

1. . . .. . . . . . ......
...... ......
.. .
.... .
.... . . ..
......
...... ......

...... ..............

..... ......

tile75-Ppart

—l—
.--.... .--...
.-...-. ....-.
------- .....
------- ------
.. ----- .-----
------- .-----

.
. ,. ,1. I I

1103:>35 to 24
I

) to‘4(1L.

,,. !1 ,.’! 105:5510:. -i! to 4:,
,,, -3 I I 1’ 111------- ......

1.30 . . . . . .
1.‘x

;% 2. 4G
4.99 3.09
6.18 4. 8!3
7.34 &04
8. w 7. m
9.71 8,41

10.97 9.67
12.29 10.99
13.M 12.36
15,08 13.78
16.54 15.24
18.05 10.75
19.59 18.29
21.17 19.87
2279 21.49

I. . . . . .

. . . .
. .

. ..

. ..

,;-;,-
1 4,5
.? ... . .$
3 (H
2 .4
4 ,,,,
5 ,~s
r:l
7.45

1. . . . . . . . . . . . . . . . . . .. . .
. .

I
5t020;20tol: ,~!.1

:. ,”.’ ,; , f,

,,
;=$

. 4,

::, . . . . . :J 45

—— –_

I I.— l—

l___ ............. .........-----.......

~i::::::::-----........

,, !,

1--------------
..............

‘. . . . . . . . . . . . .

. . . ..-. . . . . . . .

,---- . . . .-- . . . .

. . . . . . . . . . . . . .

1------- -------
1.40 . . . . . . .
2.07 1.51
4.51 3.05
6.09 4 m
7.71 6.25

11-.



[Cumubl[Cumu13tiv0 time of fall (hour)]

......

...... -------
0.1s . .-

‘i-. . .
5-. . .
-,

1:4
1.24
], .50
1.78
2.09
2.4)
2.74
310 2.92
3. 4s 3.24
3, H

:’::
3. m ?a~

4.20 412 -’‘tll

Ftartlnu 120 to
rlrvntl, m 115
feet 10-4

100 to 05 to
9s w

. —

.s.5 to 30 t(
an 75

110to
105

05 to
lW

. . . . .

llst{
110

. . . . .
0, 21

.41

. t’>I
SI

I.(NI
I. l,>
1.37
1. 5.5
1.:3
1. !s2
2.12
z .U
255
2. 7!1
3.05
3.33
3. ril
Z b5
4.29
4. &5
5. {u
5.43
b. 55

110 b
105

. . . . .

. . . . .
0. a
.4(,
(J1
.7,J
.w
1.16
],34
1.?2
1.;1
1.91
212
234
2 .5s
2.M
3.12
3.42
3,74
4.w
4.44
4.h2
5.22
5.64

105 t4
ml

-----
. . . . .

0. xl
.41. ,,,,,
. x

M;
1.14
1.32
L5i
1.71
1.!+2
2,1$
2.M
2 m
2 m
3.22
3.M
3.M
4.24
4.m
6,02
b.44

1X II OI13----- 0,21
1151011fl ----- .42
111110 1115. . . . . . (;2
11,:, !0 Iw..... h“
lfwl low...... 1, (Y2
fL5!n!nl....... 1.21
{!1 1,1 ST. . . . . . . 1.40
>510 so.. . . . . . I.:ln
F(I 10 7s . . . . . . . 1.76
7,5 [ 070. . . . . . . 1.t)4

... ........

....... ......
..... ......
..... .......
.(P, . . . .

.:F, 0. 1,4

. r,. , . :{\
;l, ../,

: (64

1,12
1.31
1.51
1. 7?
L w
2.1>
2.44
2.72
3, (!2
3.34
3. f.<
4. (M
4.42
4. s?
b. 24

.

.74
92

1,11
1.31
1. ,s?
1.74
I.W
2.24
2.52
2. u>
3.14
3. 4s
3.61
4. ?2
4. c?
b.04

711fowl.. . . . . . 213
65 to f’fi. . . . . . . 2.33
r~l[, )!fl. . . . . . . 2.,54
6510 .!4). . . . . 2.ill
5(It“45 . . . . . . . 3. (lo
4510 4(1. . . . . . . 3.26
41) 10 3s.. . . . . . 3..54
3.51030 . . . . . . . 3. s!
30 to 25. . . . . . . . 4.16
2.51020 . . . . . . . 4. s)
2)1 01 L....... 4. w
1s10 10. -- . . . . 6.24
lfJ 105. .-..-.. 6, I-A
bto0--------- 6.00

Starting
elevatlon t31t05
feet lb

1,, , ,
1111 I

51040.

—1

. . . . . .

. . . . . .

. . . . . .

. . . . . .
I. . . . . .

. . . . . . I

.... ..I

Ill

!1

.:,+,?
lo[02J?J to N12)t01515t01010hs “~,

1’ . ..4.
1to 4,

II
+...1.-.’. I M q.. . . . . . . .-- ...--+120!0 115. --..1 . . . . . .

115 CO110. . . ..1......
.i 11010 10.5. . . . . . . . . . .

lo5t011n3 . . . . . . . . . . .
I(nltoos . . . . ..l . . . . . .
{15t0!W . . . . . . . . . . . . .
WI 0.S5. . . . . . . . . . . . .
$5t0S0 . . . . . . . . . . . . .

%:: ;:::::::: (::::::
70t06.5 . . . . . ..l . . . . . .
G.5t0Mt . . . . . . . . . . . . .
fYltO &5....... 0.21
b51050. . . . . . . .43
Mlt045. . . . . . . G7
45 to 40------- .93
40 to 35------- 1.21
35 to 30------- 1.51
30 to 25. . . . . . . 1.&?
M.to al.. ----- 2.17
Znto 15------ 2 .x?
151010.-.-... 291
1010.5........ 3.31
6to0...------ a.73

....

..

.....

.....
“oil

,,,. ..)
. :{$)
. :!1
. :( I
. hi

1 05
I 2$
1 44
].r.fi
1. b;

... .
0. ?2
.41;
.;?
I.rm
1.an
L 6?
1,96
2.32
270
a.10
a.62

......

......
0.24 . .
. w o x

. .St
1::: .&4
1.40 1.16
1.74 1.S)
210 1.S6
248 224

2.64
:&! a.06

.....

...... ......

.... ......
0.3 . . . . . .
. k. o.34)
. w W
L :4 .!.6
l.fil I,a2
].9s 1.70
2.35 2.10
2s49, 2.62

0.14”!. ....
.45
.<2
. Ml
w

),1!* i
1.40 ;
1.G2 ;

I

1.Y2
1. ,$i
1.75

,,, ,,

eq:!l!l”—~;—r)t.1—20



297

wt iclca

Q: to w 10 8s to lm to
UI t.$ w 7.5

—— —.

. . . . ..1 . . . . . ..1 . . . . . ..1......

~:

—.
.-.
..-.
...
.-.
...
....

Il,ftoll loto
110 105

[0s 10 !m to
w 95

75 to
70

—

. . . . .

. . . . .

. . . . .

. . . . .

. . . . .

. . . . .

0.13
I*

. 2q

.39

. S]

.64
-9.,.
!4:!

1.OU
1.26
1.44
1. ri3
1. ‘+
2 U4
220

—

t
I.. . . . . .. .. ..

0.1’, .
.12 0.(11,
.1, .1:$
,:. .31
.:<4 :>,

...-.
-----
-----
-----
-----
.....
-----
-----
.....
0.18
.37
.57
. ,{

1.2
1.24
1. Ml
1.78
2. m
2.40
z 74
3.10
3.48
3.88
4.30

—

...... ......
........ .... .......

(1.(!: . . . . .
.1:.
.J,;
,,{. . .

.41

. 51
(L!
-4.,
k;

1.(11
1. II’,
1.x>
1.4!1
1.18;
1.&f%
2 (,,;
227

. ..
).1$
.31
.55
.75
.O11

:::
(U
w
LY,
5S

.;
Cfi
no
48

—

;5(5
.45
..!4
.61
,;~r,
.;

I,(VI
1.11
1 w
1.4:,
1.w
1.s1
1.w
2 ]’4
2 41)
2 t,”Z.h”, ,.i, 2.4, *U] 2.34

II!1
5104..1 10 to3L .35 103(

[
i,

I
ot0L5’15t010’ lotc15

II\ \
I ...... ....... ......

......

...... ....... ......

, tow. . . . ..l 011 l . . . . . . . . . . . ..1 . . . . . ..’ . . . . ...!
0.1?
. ?5
.:{!4
.,$:
.w
s;

... .....

....
.... ..1......
0 17 . . . .

:{:! : 0.1’5
,s4 .:{;

1:U5
1.?$
1.44
1. !;.5
1.b;

-4 :,;.,
.%7 .7s

1.17 1.(XJ
II -I*

.
s..
,,.
.,



3y3 RADIOACTIVE FALLOLTT AXD ITS EFFECTS ON WG.I

?

Ic2 MAY 2.t, ]~;;,p(o<~
~r ?Q scrr NIcAL PRESENTATION FOtI THE JoIST CoM?.f ImE ON ATOMIC ?’x FsGY I]r,,

+~<~
INGS ON THE SUBJECT, ‘JTrr~ NATURE OP RADIOACTIW FAI.LOUT AND ITS EIIL,.

ox MAN, MAY 27–2!) AXD JutiE 3-7, 19S7

@ Specifically on—

Topic VI. Atmospheric Transport, Storage, and Removal of Particulate R,,!
activitv

Topic VII. Local Failout
ToDic VIII. Delayed Fallout

Submitted by James G. Terrill, Jr.,” Chief, Rridiolw?icnl FTenlth Program, I,,.
sion of sanitary Engineering Service, Public Health Service, United s[,.,
Department of Health, Education, and Welfare

91. ATMOSPHERIC TRANS1’OtZT,STORAGE, AXD REMOVAL OF t’AR’TIcL~..~’TS RAtlI04(T[r-

Putiic He8[ th Service fallout activiti~s hnve emphasized the collection of h>
on the actual exposure of people which data cnn be used to modify opcrati,:$

procedures to redure the exposures and to serve as a basis for studying p+,,
chronic radiation effects.

B. Local fallout
Local f:illout is initial]y of concern as an acute external gnmnm or beta irrm!>

tion haziml. For this reason our off-site radiological safety operations in NiI ●

and in the I’acific are based on external gamma readings obt:i ined with PW:.I’*
survey instruments. !tlis system of operation is based on the assumptloo !>
beta concentrations during this period are substantially in proportion to the DZ
ma intensities. This assumption has been confirmed, in general, by resultst
beta measurements of air samples collected during the fallout periods in Se$a k 1
Local filllout may, and has become of concern as an internal beta emitter af(vr a
decay to ~ leveI at which the gamma irradiation is no lon~er of coowrn fr~
the standpoint of ncute effects. Up to this time the Service tins not attempfe! *
roezsure alpha concentrations in local (or delayed) ftillout although the aiue ~
we presumed to be low.

A report of local fallout sudiciently detniled to be used for public health F
poses is the Report of Off-Site RndioIogicnl Safety .Ictivitjes from Oper:lti,,rl T*

port conducted at the Xe~wla test site in the spring of If)&j, prepared joiull~ ~1
the lXIS Vegas Itranch OffIce of the Atomic Energy Conlmission and the l’ti~
Health Ser~ice.’ timments concerning the predictability of 10cal fullmd ~
observed patterns of local fallout will be based on this report.

The Teapot report outlines Public Health Seryice responsit)ilities and the X?
porting servires, jncluding air support, pro~ided by other ngeucies.

Datn gathered during this operation make it possible to:
1. Compnre predicted fallout with (he fallout aS it flctnnlly occnrrcd:
z. timPnre the radioacti~e cloud path with the deposition of activit~ ●

the ground; and
3. Report On observed patterns of 10M1 fallout in terms of externol 9-

mdiation.
2. The prettic~ubilitg/ Oj total jal/out.—-Fourtecn devices were detonlted d~rs

Opera tion Ten pot. In reviewing the datn on predicted nnd measured falli’11[ ‘:’*
these detotustions, it w!ts found thnt in 5 cases the prediction is in sul)~l~L:-
a~rcement with mensnred fallout, while in O crises the aetunl depositi@ “f ‘N
out was signiticantiy nt vari:ince with the prediction. ‘rhree devices ~Kt’m
detonated nnd no fullont prediction pcr se was usmi. C],art I illustr:lt~~ s Y
lvher~ the fallout llrw]iction co]ft[mrcw favorably \\-ith tile fallout whicl] :lCCW
occurred. Chart 11 Sllo!vs n tvl~icfll devintion ~rom tlm l)rwlicted fillluu~ ‘W
C!l:,rt III SIIO,VS a major devi:lt~on froru the pretliction.l
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B1rt[.l OCR.l Fill-

~~~~;~~~ff~tc RfldioMical Snfety .\ctiritic.=. operntiorr Twrp+t, ~C-inda
( Sre below. )

,published rcl;ort, Iin(liati(,n Exl)osllres Ilccri\-ed on I’orrnhrted Atolls ns
: of Operation Ri,d\ving. (See ]}, 441.)
nublished rel)ort, Iiclmrt cm Ex[t,riment:il Filru IWlge Study During

edwinrz ( See p. 432. )
~%blishsd repo~t, I+~ief Revie~v of tile I’u IJic Ilsvtlt h Surveillance Xet-

.a~ 22, 1957. ( Seep. -!fi{~.)
.-e Distribution of I~:t{lit):~(”ti~ity ~r!’in I~:lin. UT r,. R. Setter nnd C. I’.
,h wv.sented at tile Americiln (;(w1)lIJ >i{.~11l’ni, ,n miwrins, Allril ‘2!LM:1y 1,

ington, D. C. (See p. W;.)
~fe Emergency Instructions f(,r I’{11)111:1Ied Isl:t rids, J’I?F-i. ( Scc
--.

~=~L 16S4, Radioactive l~::ste llis].,sll Itesearch, b~ 1{. .7. lIorton, et nl.,
ni.I-00, Henlth l’hysics Division sc,nlio])llu:il j,r(.lgress rclwrt for period

?snunry 31, I!)UA.
Iumbia Rirer Studies.
terim Report on the s:irnn:~al) Ri\-er Stllllics. JnlY 19:1-.Ju1% 19:2, Cnited
Ienartrncnt of Htmlth. Educ:ltion. and \Vvli~re, l’nl,lic Hcmlth Se~rif}~. . .. . ,

,
Jraitations of Water Treatment IIer!mds f, ,r Removing Radioactive Con-

:,

~ by C. I’. Strnnb, Public lle:ilrh Iiell,,rts, >“~~.70, S!li (1!)3.7).
; Detectability of I,ow-I.evel R:~di(~:~ctivit~ in IVntcr, by .1. S. GoMin,
der, and L. R. Setter, Journul Americ::u lVater \Vorks Associ:ltion,

{o. 1, Jtmunry 19.33.
urement of Low-revel Ra{lioactivity in Writer, by 1,. R. Setter nml J

~n, Journal American t~nter ll-orks Asmwi:ition, volunie 4S, >-o. 11,
,~.

~,1%%. %

published office memo on Mensnrement of Radiorrctivity in Tinter, ~
~ts, and Biological Materirtls, b-r J. IL Fl:ln:ig:ln, Jr., January 30, 1957. b.
;~

[OFF-SITE RADIOL.OGWAL S.WETY .\CTI\-ITI~S–OPEn.\TIOX TEAPOT, SNADA

r
TEST SITE, SsmIsG, 1033

‘for the Test Division, Snnta Fe Operations office, ~nited Stntes Atomic
,,

i~mmj~sion ; prepared by J. Il. Snnders. Branch }l:ll]ager, Las ~e~n~
~OilIce, AEC :0. R. Plncak, Off-Site Rndiolosicnl Safety Officer, 1’11S ;

,,

Jhrter, Deputy Off-Site Radiological Snfety Ot%cer, I’HS ,.
,J

PURPOSE
‘;$

,..., t;

ipose of this report is to present n concise s~lrnmnry of otT-site rad-safe
during Operntion Te:lpot nnd to serve n> n source of inforumtion to

!1

i ‘AEC and health agency personnel. All pertinent drrtn necessary to 2
he exposure effects of the operntion in ~>pnlated nreas are included. -.2
teresta of brevity, selected drrtn only are Kil-en for nonpopulnted arens.

!@ monitoring logs and detniled fi!m tm(l:e results covering these areas
:ver, avail nble from the tiles of the I.as vegas Brnncb OfIice, AEC. ,1

k.
.,:,.

it rLAX OF RFrORT 4-%

‘port is composed of the fo]lowins gcnerfll sections :

C radlologicn[ ~riteri:l f{,r the prottcti{}n of rhe public.
.&

? Rad-Saft, org:lniz:lt ion. ~
,.-.

tbods and equil)meut used.
,.

~liC relations.
~6 of fndivjdnal shots are nlso included.

.,,

Uldividual sections co\-~r the foll”!vin: Inot,>rials : .\ $llnlrnnr~ Of mOni-
fls and dosages, air}vny closllres, clourI trxcking, nud low-level terrain “i
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~ ~oncit”,,c
-_s[ lctlcr
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------ . . . . ..- . . . . . . . . . . . . 117”00’

11(;’00’-------- . . . . . . . . . . . . . . . .
115”IW-------- . . . . . . . . . -------
114“00’--------- --------- -------
11.wll’--------- --------- ------- 11!“00’—------- --------- -------

_+ _.. . . . . . . . . . . . . . . . . I11“09”
1low),------ . . . . . . . . . . . . . . . . . . . , ...,0,..,................... ll:.t, nl

moral kttcr I Latit,lc

~Jy, the Z groups of 2 members each denote, respectively, minutes Of d

and minutes of latitude within the 1° qundrnngle specified by t]

up. To proride fin cxan~lJlc, thecoordinfltcs of Las Vegas:tre EG G120.
entiflcation of the 1’5° quodrnngle (EJ) is omitted for the reason

stfitetl.

1’

..~,

itlesthele qua(lrangle.
?s the Georcf minute of longitude.
w the Georef minute of lntit ode.

:.,
!----

mEXFOSUBES RECEIVED ox IYWULATCDATOLLS AS A RESULT OF OPEBATIOX
..,. REnwIxo
...*
$.,
‘Operrttion Iied\ving 4 gamma intensity rradings daily were taken :
Inff-site atolls []tilizing a radinc meter AN/PDR-27F, calibrated against

consisting of 7 micrograms of radium. Following each test, hoorly
‘ere taken for on intem-nl of time depcmlent upon fallout forecasts,

msat and followingtest time, cloud tracking, rmd readings obtainml
la. The attached t:ibles nnd chnrts show the weighted daily nveragc’s I

Ungsforthentollsat which stntions were mtlintnined.
Qted cumulative exposure of the populations of these ntolls resulting

lon Redwiug hns been computed Imsed onthese meter readings. Net
Kmepreoperntion background) have been utilized. JVhere a residuaI
nainedat the time thestntions were innctivnted, the70-yenrexpoWre

l.reaidnal was computed bnsed on the equntion I, T,-’= I, T,-h. Bn.cwl
kdecay data, k=l.2 \vns utilized. It will be noted that thelnst day’s
.U.felnne was 1.5 nlr/hr. This wns clue to the test of July 21. ‘he “1

!ord shows tbnt fallout hnd stopped nnd rndiation inteus
at the time the stntion was lnnctivnted. A reduction fnctor to de-

?tive biological dose was not utilized ns conditions under which the
Bare not believed to worrnnt the commonly nccepted reduction fiictor.

@ involred nre attnched. On this Imsis, To-year externnI gnomla
ngfrorn (lpcrntion Redwing rtrc ns follows:

~Atoll: 560nm.

) Atoll: 616 mr.
~ck Atoll : 853 mr.

~ched is ~ ,)lot sht,,ving AN /PDR-27F rendings at JT1’-7 Iiedw
~ bland, during the lmriod July 21 to July 23, lW.I. On the b~lsi~

res. effe~tiye e~tern~l g:~mmn doses to vnrious periods of tilne h:l ye
lW as follows:
! @W :3.45 R.

; days : 5.7 R.
! Year: 7.05 R.

h dose: 12.4; R.

I

OIJS are nttacllcd.

+7—DL 1—29
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Jkte mr.br. Dny~ Hours
— .

0.(!- . . . . . . . . . ..-.-.. 13 812
(1.24. . . . . . . . . . . . . . . . 1 2’4
0.2{. . . . . . . . . . . . . . . . 1 24
0.22. . . . . . . . . . . . . . . . 1
0.11 . . . . . . . . . . . . . . . 2 :
{),12. . . . . . . . . . . . . . . . 1 24
(1.11. . . . . . . . . . . . . . . . 24
O.(?.l. . . . . . . . . . . . . . . . i w,
(l.(M... . . . . . . . . . . . . . . 12 !28a

— __—

Do% mr. Rate mr.lhr. lky9 11(,1::: ~D .
,— . ——

12.48
b. 76
b. 52
5,’24
6.72
2. w
2. r4
R.(.4

17.25

.

.,

1,.—— .
‘Tit\\.i l[=?!O! ’(011

:)WWU hl - II+ C*;hOurs =2.75 (I:lys
m y,..,r <i,w :I!tcr this timr=xpprox. 430 mr. ZL7S11!R[11Fl:Ti-I ?= 1,’~F1.2
‘I’,,l.J II }t:]r dose= 130+ .K?l!=.W mr.

‘.
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Rate 1mr./hr. / D8>s I Hours I Do.wmr.

O.cl . . . . . . . . . . . . . . . . s 192 1.92
0 K2. . . . ..- . . . ..-.-. 9 216 4.32
0022. . . . . . . . . . . . . . . 24 0.W
0 [(3. . . . . . . . . . ------ : 144 4,32
[1[q. . . . . . . . . ..-. -.. 48 1.92
013. . . . . . ..-. ..-.-. : 72 Q.36

Rate I mr.ihr, Days Jt0ur8
— —

O.cm... . . ----------- 48
O.crl.- . . ..--. . . . . . : 48
Ore. . . . . . . . . . . . ..-. 2 48
0.05. . . . . . . . . . . . . . . . 2 48

— —
ToW...----- ---------- . . . . . . . . .

I R:itc ntmve prwwrat ion bfickgro!]nd of 00.2 mr.,hr.

.twmc I>-June 21
:,.yc?r ,10.w from July ?3=npprox 17 mr.

‘lcI: II ;c-ycnr dose= 36+17=:3 mr.
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0.115. . . . . . . . . . . . . . . . 1 24 l.’m 0.9 . . . . . . . . . . . . . . . . . 12 >. ?:

().2 . . . . . . . . . . . . . . . . . 1 24 4. Ml (J.1’)5. . . . . . . . . . . . . . . . ~i i.

1 2, 3. M u.4_ . . . . . . . . . . . . . . . :(>.l,; . . . . . . . . . . . . . . . .
4> !’. :

2.(!. . . . . . . . . . . . . . . . 3 m, !41
. — .

1.9 . . . . . . . . . . . . . . . . . 6 I!; 2W fdl Total . . ..--.. . . . . . . . ..- ---------- !: .

1.1. . . . . . . . . . . . . . . . . 2 4s w. 20

1 ,\tm\ c I rcrj cmtion level of 0.1 mr, hr.
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452 R.\ DIOAC”i’l J’1: l’.iLLOUT AXD 11S l~F1’f:C’l”S OX hl.~s

D(ISE C.\I.CLTL.kTIOXSL’1)11PA I:lIY1-1,\\1)

~ccunlul:ltixl (Ic,se to 2X)7(MJ M wns ().1;1{

.It thnt time decay stnrted with the decay constnnt K= —].?
Pdrs(,nncl leaving at 11+5 days wi[! receive :

lf3-12+0.G=4.(1 It
If this is reduced by 25 percent, the etTective dose=3.45 H

Wrnmmmt Ilersonnel will receive:
For first 13 rlrtys:

lfi-!l+O.6=7.C R
Kffrcti~e 15 dny dose= (0.75) (7.{;) ‘5.7 1{

F(, r 1.3 (l:l}-s to 1 ye:lr :
:) —.j.; )=. t.; 1{

l;fft,ctive dose= (0.5) (4.5) =2.27, It
Torol v!lrctire dose to end of 1 ye:lr=i.~~ It

J’

R.iDIO:\CTII

~, a study (If the
~hed are curves sh

*EW ::s%:
., (inthis cnse, ~

s
@ nt of the film-d

this range, while
~% adnlittedly n liu

Y

g conclusiolw rt
.’ ~atic conditiol
m“@dinary film Imdgl
mtlsfactory rwu 1ts:
~~,~ possibte. a stnr

t@d film hnd,xes n[
@Mons sjrnilar to I
r@&.’:If this is not w

z
~ ~unds durinq the

‘For rtrea n!~,nitori
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~~er, 44 stll~ll’(If the ~C*lllt< (m thPSP IKI(1KW4 is Iw!ieved to ili(lic:]te n trf,l)(].
A@M2d ttrc C1lrf(’+ Sllf)irillg the (liStri])lltill!lof rtwul[s for ellcl, tyl~ ,,f Iii,,, fro,,]
@@l ~nd the rcslllts for eacll-ty]w of flhn from the three atolls ctjnll,inml.
..~~iderlng this latter curve. II one c~msi(ims results witilin 5(J percent of n
~i$’ (in this cnse, cnlculate{i ) [iosc to be sntisf.lctory, it crm he SCJCOtllnt
~“@wtt of tile filln-(linned ba~kes nod (;Owcent of the case-{iiwe(l ba~igesfrill
@ this range. while oniy 19 percent of the regular hnrtges meet this critericm.
~’fs admitte~]ly a Iinlited sample, Imt the results ore believed to warrant the
~iio~g ccyrcluswlls and reO~ll]tllc, tl(illtitJ1)s:

L ‘~atlc coalitions nt the l’:lcific I’rovirrg Gr(mn(ls hnve nn rrdrerse effect
oir”ordinrm filn) i~:\~iWs to ttl L’ ext~’nt that tll(l’ c:ixmot he relied Up(m to give

..
amditions si!ni!:lr tO tho~e at I’:lcifk I]roving ~roun(is prior to t],e next tC5t
~es. If this ]s not Possll)le. such n stlldy sIN, u1(IIW con(lucte(i nt Ihcilic I’r(,v-

c31c111:i:-
Cli(low,

nlll:l -
rowtgrnc. r).

1
F. D.

7
i

1;
1:{
:.1
2,{ !
,?i
.-,:\
?:,
N,,
..::
,,,..3
,23
23
:~3
Zi
’23

30 . . . . . . .
3) :40

u
3’! . . . . . . .
f.,) 7,1
~.”) . -~-+-....

11, ) ;, I
11’1 !.,
11,1 . . . . . . .

—

f.’zpcril>lc;f tnl film bndgcs-r.’t irik .410!1

c3ir’lll,lt-
rfl II(!W,

1111111.
r(mr,t~m

!1.()
!1.t)
41.,$
41..+
;1 ,.1
41 5
‘41.5
‘41.”

193:r11r,l (low. c Il!iroentpm

F, D.

5)

41,)
. . . .

a3,.$:,
. . .

:,)

11
1’J
1!
1:1
).1
1$.1
l!J
1!1
1,.1
13
1~.1
19
19
ILl

41.5
!., 41 ,5

41 <
:“, 4I ,5

..... 41:,
44!, 41,.5

.....

I

41,5
%* 41 5

....... 41 5
41.5

I
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EtaT.’ n S0. Ddc out IJnk in

July Q,19.WI
1111? 16, l!~:~;
July 24, 1!56
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Tmo
cxpow(l ,
ill d:ly,

In filcn(d 11OY, m. C31(.
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l:\
Total activity .,

I I
,.

1?:11!, c km-n 6*
— ._

130

II
123.0 a8$

3!41
2,4!3) , ~j O*
1.w)

*9 ‘4M.O ,f~IM
. . . . . . . . 3a 5 .qpb
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I;.(I,+AW }~\lLIWEXCY IX$T1?UC!T1(JXSFOR l’OP~LAT’SX) Isr,A~og

~ The Cmmmder, J’1’F-7, has rlesiwrtcd a rqlrewnt:llive for errch off-site
~lltside the PI’G. lllr the populated islands ncnr the IWG, the rqm’-

,,,*!1,’D
,-[j[ire is resP()~sl~le for the rtrdiologicnl safety

of the locnl population 011(1

,,fmerubers of the task forcv.
.2Tbe r(,l)rcscntati~-e of the task force couumlrrder is provitfcd twidauce as

. .
-) ‘ii
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l)r. :Ilex:ln(ler, we are IInppy to l]nve you wit]] us toclny. wfi’~
proceed, pkm. : !,Wt.

>

STATEMENT OF DR. LYLE ALEXANDER, UNITED STA~~.,

DEPARTMENT OF AGRICULTURE ‘ F:,v-:?;:’

Wlfh nlillwlc,lflf?ts;s w,,]}, He iIfin nn P
a .cl?nfl. t, IIV n r$var,h ndI

@fie m
*

RADIOACTIVE F*41
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I ])]illlk~OI1. ‘1’IIo dillrna? migration of plnnkton to near the +
(Iurillg ]lours of (l:irkness and -to deeper w!ite~ du~in~. hOUm of

1

is we] 1 known. J%@l’hero was evidence of t.hls wtuatlon m sampl~

4
led ed nmr IJi kini, just ~Jrevlous to Redwing. At the sUrfaCe p ‘ , ~

i
was radioactive but the water wns not, whl]e in dee water ~~ ~
radiolct ire. sIt is thought that thie wns n reslllt of p ankton b-

{ xa[lio:lrtirc in the deep writer nnd tll.en ]Tmv,ing toward the gu~w
i lfnrii~c or~rrnisnls can ncquire ra(lloctlvo lsotopcs directly f~m *

wntcr in wl~ich tlmv are living or indircctlv by Ingestion of ~
ra(lioactive orgwlisllls. ‘The acquisitif)n of ra(i]olsot~l,cs ~irectly *
tho writer mfiy be eiti~e.r by ah>orpt]on or rr(lsorptlon, hut th~ ~~.
lit t lo inlport:~nce from. the p~lnt of V)CW of the food c]laim i~

i ex:lrlll)]e of ft food cl+nln lwldln~ to !llan starts with the one*~
l~lnnts, tllcn leads t? the one-celled :lnlmnlsl to the small many~~

:)nilna]s, to smrrll fish, to lnrge fish, slwh ns a tunn, ?nd finally ~ &$

i ‘lllero ]]l:~y k n few, or them may bo many links m the food x
iin(l ra(liosotopcs rnn.y enter the chain nt nny point. ,K.

I[arine organisms, similar to terrestri~l plnnts and a%
di[i’erenti:l]]y seiect nnd retain minerals in ti]eir Ix,dics, find can a.
cent r:~te clen~ents from sea water. Tile select iqn of nn element dem~
I][m]i tll~ p!l~sioloyicnl dwnand of the organism for tl~e elemen~’~
tllc availahlllt~,of the element, rrnd tQ ;ome extent, of chemically

a]:lr e]~!l~~nt~: . ~ ilc ~reatest concentr?tlon wi]] occllr w]len the d “ ~
nn(] arallnb]lrt.y are greatest, and vice verw. l-or example, -.
Zinc is rel:ltive]y scarce in sea Wxter rrnd tllerc is a p]lysiolo ica~”&

f]Il:]u(l for this elelllel{t by tki~ and sl~ellfish,’ zinc irl :1]] avxila le foA&
tllntis :I{l{letl to sea water is rnpi(]ly relnot-e(l :i]l(l conrentra~$j
fish nnd s}wlifish. A similar example is tllnt of the nlga, A-
yopsis. for iodine< on the otiler hand, when strontium, whl&:ig
1):1~ 111’:11]~ Il)OrL! :l~lllldant if) Sea W:lterj iS :Idd(?d tO sea ~a~~~ @

co])r[’nt rntion })y most marine or~nnisms is not ~rent.
~,

TI)(I pl:lnkton samples collected durinx and nftw the Red%’@
oprrntiollwere nnnlyzed for tho radiosoto])o composition. The jw.
toi)es folll~{l include st rent ium S9 and 90; barillm 137 rir]d 140; c.-erinia
141; ])raseodyn~ium 144.; ruthenium 103 nnd 10G; zircol~ium 95; cobidt
57, 5s, :in(i 60; zinc G5; iron 59; nnd trivalent rare enrtlls. There wwe.
ditrerer]ces in t Ile isotopes found in tlm pl:~nktcm s:i])lplw collected iII
d ifl’ererlt a re:ls. one reason for tl)is difference is tllnt plankton id
cOItIpOW(] of many ~,roup~ of or~r:lnisnls, eflc)~ Trit]l nn afini~”for

slxvIfic is{)topcs. :. <l..

1/or this s:]me reason, tl~e concentrntio]~ f:lctor of radioactivity ~

plankton in relation to the writer of its environn]e!lt vnries greatl .
,1 concentration factor of n thousancl or greater is often obse rve$
J3Cc:lllsc I>lankton does concentrate fission prodlrcts nn(] ot]]er radi(k
isotqms, measurement of the rndio:~ctirity in n plankton sample h,
a convenient met bo(] of determinil~g t]}o I)recerlce of radioati~
isotopes in the writer. ,!!.:

In fish most of the elements expected from fission nre found d ‘
81s0 the non fission products formed by ne(lt ron irr:idintion of bo~,
and tower metn]s, mangane~ 5+ iron 59, Col):llt ~s ~rld ~(), and zinc 6$
often the nontk.sion products predomln~ti. It ]lns ~n mentio~;
that little strontium is found irr most mnrine org~nisms. A land ~h
does nccurnulilte strun~illr~~ W-)in t],e ]iver fill,] S])e]], lrhere~ marmO
Orabs contain little strol]tiuln 90.



Of rndioactivit~ ~ ~
ent varieg greafJ .’”

Jis often observ
s nnd Other ~di~
IIankton wmp]e ~’
;c~ of radioac~~-:

,::~:

’011 fire found ~~i;
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‘:!]
-i ~,1: ,,ym of radiobiologicol monitori]lg l)fis been n ]l:lrt of nll 1’
, SL)~:CSill the Pacific Ocean. SnlIlplrs of fisl), il]vertcln:)tes, l)irds,

-,. .;

:i,l,ktOn, water, soil , algae, and termtrinl Plfints and Nniln:lls I)IVO
fill mllw$ed from the ocean lagoon, reef, nncl isl:mds of m~?ly plflces

Some Lve been visited only once, ~~hlle otllcrs
j

. ~jlePacific Ocean. ,,

Except for the immcdinte Yicinity of the test site, hio-
1. .

; f: i..qllT- times. ---- .- . .

, .- !!!
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TUTE OF OCEANOGRAPHY a 52.’2s-5-?0 ~1!1~ $1

u? might put .Up.
neprescnt nt lve I1OI.IIPJI;I.D. Trery well.
Dr. RIWET.I.E. I hzve a prcpnred statement which I would like to

:I]l)!i)it for t llC record.
l;eprwmtativo IIolJ1~lcr.n. ~rit]lout objection, your prepnred st~t~-

wt will Iw’received for tl~e record! ~nd you m~Y Proccr(l to ~llm-
:,l:~r;ze in any way you desire.

(‘l; ,e st:~teltlellt referred to follows:)

::.i::ii;.xr B> l) I{OF. ItoGE~ RKWI.I.F., SCRIPS% IN6T1’CUTION OF OCE.lXOGR.i1’11Y,
L’SIVEUSITY OF CALIFORNIA

1, At prwrmt thP rnensurnble radioactivity in the oceans consists of tile
,:,:~ral r:ldioacti~e elements and artificinI radloisoto~es frcmr tests i~f atull]ic
,Wv;,l”Ds.

2, In the future, ndditlonnl radionctirity may become lntroduce~l iuto the
ws~ from the use of ntmnic Wc::pons. nccidents to nuclcnr I~mwwl w+wts,
wti,i-ntstor,enrsllore reactors, from the ocennic disposal of ntoolic !! n~lc, and
!3 c:+tal nrc,tls, from lnnd runoff. Some evidence that this latter ~fiwt now
,I]:;. in tllc 1A Jolla region is shown on t:ible 1.

..:.Gw,!hwhil l“rll(ln. l’rudflent for 1!
-:. :In ~rtl~lhyslcnl Cnton.,. . l’redd~n~ 6. . ... . ...
~....rnntlon}! I CrI,Inch IJ,f Sclrntltlc Lnlrm ~,; Ca.. .. ..... .. .

:rree <III UIOIUK)CUI I:IIwtn of Atum!c Itt${lmt ion lU OCR. . . . . . . . . . -. ---- -
h Amcrlcn of Intrrnntfonal Acfvlrwrs Committ@ on Ifnrine Sclcnies OC

~mher, Committee for the International GeoI)hy BlcIIl Year of the Int?rnntfonnl
f Pb>-sIcm ocennogrnvby; the l’nnel on ~cenuwfi ]~? Of the ~at:~n~tl CWI-

$e International (;ro lhy Blcnl Year.; and Dlvlsloonl .ommlttee for >fnthenlnti-
4O“A Et)qincerlng b clencen of Xntional Science Foundation. Iz lf15~, l~r.

e Allmtrofm Afedal of Sm’edlsb Itoyal Society of Sch?nre nn,l Imttrw for
. . . . ,., !,,.

kkctd to Nut\oIml Acn(Icn)y of Sciwm6]~;:~l%
.f,nwnt< (III ownuogro ,Ilv, csIIccinlly In d,w sv.n ree(,a), !:.

: f .cicuce frum I,u]rloun College.
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qs I ~vill point out in a minlltcj is tht tile mnrino~!, l~thers W ‘ .
~$:ll$lllsconcen!r:lte r~l(lio~ict ivity I?y a Wry !:ll.gc f:{ctOr.
*,,ligl)t~l~op?lntout tl}at tlmmarine organ] sn)s, unljke the waters,
,,, f:lir]j’ lll}~l(!]~. hlany of t licm conduct a wrt lcal miqat ion

,. ,xIII d:Ij’ nlId I!lgl)t ove I
. a depth of 1~)00 or 2,000

[

!,, ,:~~>slllf:lce II] tllc night find down (o a depth ?f wwerxl hundred
,,, :: ,l,,ri!,,~ t]](’ (l:ly. hlany of {l)c flsl~ we are ]ntcrrsttwi in, sli(’lL

!,i,, .. I,l:lrlill, sailtis!l. lx)l)ito, skipjack, and salmon, nliur:l[e ()~er

I ,]:!? horizollt n! illst allt’cs. ‘J’l)is is also true of tl)e nl:lrillv ttl:IIIl--,
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By N’right H. Lrsngham nnd I;rnest C. Anderson, T,os Alarnos Scientific
I,:il,, )r:itor.v, University of Califoruln, Los Altlnlos, h’. ~c’x.

.p, ,!



24. r= I/x= f s,$/0.6!)3, where r Is the mean or nvrrage time tbe nuclide

>in the body, A 10 the elimination rate, and t% 18 the time n~aq ~
more hnlf the body burden.

./ c Qr STATEMENT SUBMIITEU TO THZ JOINT @MMITTEE oN A~~flo ESEBGY ~ ~
~G6 & %? IIIAItINELK.t’AND J. Ill. Roa~’ RADIOMY.HOALI’HYSICS DIVISIOX, ~Rm ~

TIONAL LABORATOET,LEMONT, ILL.
., .,”,””

TOrIC Ix. ~~~a~ENcE OF 0t3-lrt7IN TnE ATMoSI’IIEUI?,BIOSI’IIERLAND ~ &

AND BEll AVIOa IN MAN *.

The tlsslon product CS-137 is prorlorml v’ith fi yicl~l of, nlmut (l ~rmt ~Q
hrIs a b:llf life of nbont 27 years. The general (ll:lr:l(t[Lrtsllf.s of its di

~IIml bebnvior In mrtnlmn Is, ns reported by svrer:tl :1llttj~lrs ( 1–4 ), indim~
I,:lrllnl qvnlitntive simllnrity to I,otnssiuln. Il,ll,{trt:lnt fn)m our stand~t
the f:i(t tlmt {csium is excrctct~ by hul~l:ills :It n r:l[~: l(~;~~’r th:lnl)otnssim
leads to n cs/K rwtio in vivo which is fr(ou 2 tII :; tlll:~’~ tile r~tlo in the
fll(l(l. +

lt(,(nl]se of its gfiulnm-rn~ emission, t“~-l:;7 C:IH lie 111{’:lsllr(’d in the ~ “
*rr]lilll:il nnt] ill lIIIlk Inaterinl without r~(’oor~e to l~n~tlll’ t’lplirml ana~ ,

T,) ]I,ake Il)ew n)ensurements, itis nwws:lry to slllel(lI)(ltlllnstrunlent~~
jell fr(,ttl 11),, rntlittti,m rmitted IIY tmtiili:try Illlildillx nmterials. This ~ ~
I,\- l;(,rf(,rl]litlg the trws in nn S I,y S 1)s ti fo(}t r{lfull wirb S-ilwh Heel walm
ill: (;O tons.

4

Tl]is r{mm consists of n btjlt~’(1 fr:~nle of nnx!e t~anm upon ~
(Itl(,-tll]:lrlcr illt,h ]!l:iles {If 12 to 26 inches !! ’id(h nre I)]a{.t’{1 iu staggered ‘
,,,1 ~,1[ si[](.~ ill or,ler t,, nv{)id c(mtinooos cracks ill tlie l~:Ills. The side pfa~~
lit,l{l ill II:I(c I)y cl~lnll,ing 1111,11]t{lgether Iwtw(wll tile fr:illle and appro
],I:I(w<; ntlgl(, ir<lll~. .M

i

(::i[lln]:l-rsy r;ltliati(~n emitted by the subject in~]~iwx’s On flu 8 inch hji~
s:1[ (r}-st:il ; the electrons lilwratcd therein Imo[ln{c s(intill:ltions which &
I)litic(]by n ]Iti(,t(,l]lo]ti]}]i(,rtube nnd rwisteml, nc((uvlillx to their s-:

?.lo-etlnlln(,l n]l:llyrx, r, From the s(intillntion slw(’lru!n it is Possible to id”’
t I}e PrIeWY f,f t lie K:t[I)ma rndintifm ( henee tile r:ldi, w!euwut responsible for
mI (lit< intr],.it.v (heu(e the nlnount of Ill:tteri:ll illv~li~c~l ). I’resently tbisg
r;ltlls bss n sf,llsilivity greater tbnn 10–’ curi(w of the rvllllilla emitters
dist,[lssi~m in tllc itlrxrt hnmnn subj{ wt.

In the sonllll(,r of 1!1.-,5, nt tile Arqmne Xati(mal I.all[)ratorr, rneasnremeab’
tl!c t(ltnl I,(NIY x:l]nllm-r:ly nc(i~ity of Illellll}crs of Ollr W:iff, visitors from w.riq
I,:IrIs of the c,,ur]try snd fro]!] lmerscns, 101”:)1 nmlic:ll stmlr’llts, etc. (5), diacl@
the I,rvwnw t,f this ra{lill(,leownt in all of tile twt slllljl,fts. Sinre tbeD, conthtg
t[xts ~m :i cr(~l]]} ~Jf ]2 INXIIde, bns shown :In in,rc:)x’ in the IIulllan burrtsit ~[
f.!rtl,r (,P nl,(~nt 2 UII IO tlw slmin~ of I!W Rml :t (~~ll~t:ll}t value tbereafter,rw
resl,i~n{lilly t(~ :ll)~lllt 3.2X10-’’{! of (’s-1:{7 ]It,r Xr:ll!] ~~f l,,,t:l~si[lm (fig. 1). W
tr:lstmi to the lin(linss for Sr-!M, childrerr {’0 n(,t ekhiljit high concentratioir Jq
unit weixhr. ,4

X{) c,,rrel:lti{,n lwt~veen CS-137 colltcnt nnd gc[~;r:il,liic origin of the snb~
w:is n~,ted { t:it~le I ). on the other ttrIII{I, ttjc {]cIK,n{IvII,w OII tile dletsmy ha~
(If tl)(, ir]{livitl{i:ll ( tiz. 2) beerrnw evident nfter n htllflv {,f tllc C’s–137 Contentg
f,,t,(l nn(l warer. These reve:lled tbnt bovine o)mlts, III~lk :111(1milk products (W
*tit llte tlie IIlllin r(~utsw of intnke (ii.<. :\). St]lw{.fll}tl]t c,,nlirnlntion of UM
lirl!lil)~s tm I:lrgrrrf,preswt:llirerxim[dcs (If ]WIIIIC iIIIIl f,@stuffs haye bet
olltni]wti u: Ihe Los Alrtmos Scleutilic I.;ib{]r:ltt}ry (G). ‘JIIc ,,l,serrations to M

.,
1 <1<,17s<,,](l) I,rlryilt. Cb!CIIFO, 111. : bom~ phone, lhvvr]x- S. 1?11: : r?,<c Ihhone, I..?*

Ill., st,(l ] bar,. ut)<f I,ltice of birth : Xotcmt,cr 28, I!+ll(j, ji,2c*],n. ,\i r,,. .%rpntina. W
t:ltiibn : Imcb+lcvr of w,.. nre, Coupvr [’nlou, 1!131; m:iht<r <f tlrl.. (’fl,l,llllhin, 1~:~6. ~w
I,i?t<,ry : ?Jcrt.r lt>tf.r, L’,, ntwlidntd F:tllwn C(,rnlmny (If Xt,w )’<IIk, 1:.27--- ,,<, ; ~fidjum t~
II!clrIn, S,w y<,: k >Ternc, rinl Ii<, w[l!t al, t!l!!l–:i5 JleFi>tl!rlt ptl~~:i+t. 1!M5-43; phyddi
1!!43-4S : Sl(,n!]-}it,tt*rlt)KIustlfllte, 1947-4S ; ~rni,, r l{if,~, ,!.,cl,t and Associate ~
t,+r, I)!.l~ion <,f l:ndiol(.gical I’byslrav Arxonne Sntlonnl l.:tl,<, rnt#, rF, l!~48— : DiTisIOJJt
l~l<)lorical 31.w IIc HIRrwrcb. l!~3(~. ( Submitted b? the Aton, tr I:r]erry CODIIDl@@

~lhte and Illnre of birth : Au ust 21, IW)4, \Yilklll*!lurg, I’tl.
7

E(lurntlon: CA
Institute of T,rhrioloc?, ~Work b story : Standard (:hontlrn] Co, (radium) ; TumOr 1
tute of ttm f+wedi~h 11.spital, Swrtle, \i’ash. (earty I,h,nwrlng work 10 ~tll,crvoltage X-
equl IInent) : XfltiOnIKl (“al)c!.r InRtltllte, Bet behctn, Jtd. : >f{. tnllur~tcnl l.nboratorY.~

Iwr~ r}- of Ct, icnro: ~lr.w t944 r)irector of the I{ndi{III, F1..nl 1’11! .lr+ IJi!.ls!on Of Am
S:ttic*s131 I,:, t%(,rorory. >f,,mher (,f Amrrioan I’hvt.i,:!f s,,<!<.rx, 1,,.11,,,...,ffhe Amti

,1 1!1 ~..’ . ,,, iq
:,,,.{,,,,.:): t,) “,
~. ,,11.I, IIIC ili’,~:l})

. I,C l)r. ~’. .

l.-

, ,,,,, r, ~ht? nf”~t
*]r fi

. . ,,k,r,,,o:lt’:l ~ .
,,,,,, +,,;:t ,): c:~:,,:-

.1,,,,,, --

,.,,:,,,!3 I r’wlll~”l,,,,,,.i+,11],,t(
,. ,.

r
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TABJX I.-Uamma ruv uCf{W’tU of human being13 , .,..,.p:~
1

Oolmtq

United t3tale4.

En@.nd. . . . . . .
3)0. -....-.

Fmmce. . . . . . . .
TJcnmnrk. . . . . .
fl.redvn . . . . . . . .
Austrnlla . . . . . .
lndlx . . . . . . . . . .

1)0. . . . . . . .
Japan . . . . . . . .
ln,!Onrs!a. . ..-

[

1)0. . . . . . . .
Mtlmllllll

J>lsuds. . . . . .

8ubJuU

Idea.. ..-- . . .

May la, lrmd
July 1S, 19.5$
sent. 21, 1930
Oct. M, 19.50
Nov. m, 19.s0
llar. 27, 1957
I)er 18, 1967
. . ..do . . . . . . . .
July ’20, 1956
Aug. 10, IWO
. . ..do . . . . . . . .

Alw. 6, 1937
. . . .(10 . . . . . . . .
.....10.......
....(10.......
....do........
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MONDAY, JUNE 3, 1$357

ql,c special sllhconlmittec met, pursuant to recess, at 10:10 n. m.,
~Ilc COIIL’IISroom. Scnztc Ofiice lJuil{lillK, Hon. Clict Ifolifield,

)jrlll:ltl Of tllC sulm)lllmitter presiding.
l’lc$ent : Reprewntntivcs I1olificl(l, llurhnn~ (chairmnn of tlw .Joillt

C)lllmittce). l+ice, Denlpsey, Van Zandt; Senators Anderson, lIickell -
,,l)(V, and lJrick~r.
.~]${}present: 1’rofcssionnl staff mrmlwrs: ,Tamm T. Rnmcy, cxemI-

.,. ,]irector: George E, l;rown. Jr.. Hal IIoIlister, stafI technical
I ,ii ii; ‘n-mlPall]C7romp~iw cons~llt~nt.

]i~,[~rescnfntivc HOr,IFIEI,D. ‘Ile con]nlittre will be in order, ploncc.

‘J’]lehearl~lgs hnl-e covered up to now sections 1 through IX of tile
,ljtline. ‘11]1sincIu(les background infornl:ltion on the nntl]re of r:~(li(l-
k lirit~l the production of fallout by the detonation of Wenponsl its

mm+port in the ntmospherv, and its deposition and uptake in animn]s
,1,1man. I\-e spent n good deml of time on 10CI1 nnd (Ielnywl fallout
~:,(1began ollr invcsti~ation of the nmin culprit, strontium 90. I$lally
.~ltjects thnt initially apl)e ared to represent marked diwgreel~)ellt
.Lwdcvelol)ed into subjects on vhicl) there is general ngp’een)cnt wll(’1)

lilt into perspective.
((z) The mdionetivity from fission prmlllcts is cm~si(lcrnl)ly more

‘t io be discussed.
777

\

(+32!M-57-pt. 1—50



842 RADIOACTIVE FALLOUT SD ITS EFFECTS ON hf,4N
.

:
Date and place of mwtlng klmnbrrs Omcers Ijf’

prcwnt .. . .

~g2$, sl~bob....--...----.-

~

: 0. W&O. Ksya (United Kingdom), ~-fi
lWl, Pmb . .------------------
1931,Zurti ------------------- 7 Do:

.,
d

1937,ChkW0 .---....----..---
19Y3,kd~..--.----.-.-.---- “2:”%

; ‘%%%!wM%Hg5’ w+?k
19s. Conenhneen..----.-.--.l 11 I E. R&k-esrllm?. .

I

(Lh#d Ktn~dOrnI, se.mtiy. —-=?,yq
1950,*mva ------------------ 112 :s(+8 ! “:~*

: Ma& Comml@on only, 3ubcommmes memharshtp totaled approximately ~ h mtm~ ~
of thmc were tn attsndmm.

The Eighth lnternatlonttl Congress of Itadlology Is scheduled” th’t!
Munich in 1959. The next forrtml meeting of the ICI
nntl may be held prior to the Congress. F’orr~ p?riod 1$)5,6-59 th~~f$.
the main Commission are R. Sievert (Sweden) Chairman - G. ‘Faih-. ~;
States), Vice Chairman: W’. Binka (United hmgtlom ), Secretary. ,,1~ -’, t~.,)y

(Mr. Taylor’s statemenkontinued.) .: 9f :3
“..”:J&t”

The National Committee on Radiation I’rotection and 3feasur~e~~
ginning in 1!329 has done the same for the United States on a continuing m

“. ~:Jig,d
EXHIBtT 14. NCRP HIStORr ,-::?<. ..>~w.,. . ,?...->’s.

:.
The roots of the National Connuittee on Radtatlon Protection ahd ‘T&&&i

ments go back to 1928 and are intimately related to the formation o! .the Jnt&

R

~ati(,nal ~mmi~[on on Radiological Protection in JuIY of that Y~r. With , ,,

possibility in mind of forming an lnterrtatiorial organization on radlologlciil
., tection, the Second International Gongreas of Radiology, before meeting M Sto&~:

helm in July 1928, !nvIted several cormtri= to send representatives to jthe.~~~
gress for the purpose of discussing prottilon problems and pssibly pt+par,w.
some initial X-ray protection recommendations. From the United States} L ~’
Taylor was designated as representative of the National Bureau of StAndar&.
and one representative each atteuded for the American Roentgen Ray S@@
and the Radiological Society of North America.

“:’lg’\Vhen attempts were made to reach agreement between the United’States
other countrke., serious diKlculties arose. Each of our two radiological sockti~~

.$ offered different recommendations aud each claimed to be the authoritative body,’
The NBS had no recommendations to offer and was there more by way “of $tl
obserf-er. As a result, the recomtuendations that were in fairly aceeptable?b~
prel~ared by the British protection committee, were adopted as the tit, later-

national recommendations. In the process. the United States delegates shtied
up rather poorly in that ngreement could not be reached on who antborib4dv.@
rty)resented the views of the United States. .1.,..H)4 .

Germany presented a somewhat similar though not quite so serlons a 8it&~on’
as had the United States, in that Its representatives at the preliminary=!
sions also could not agree on who carried the necessary authority.

Concurrent with the meetings of the Congress, G. W. C. Kaye and Sb&#’
BIelville (Great Britain) and L. S. Taylor ( United States) eet about tO”O~,
ire a permanent structure for an international orgardzatlott. After prellmio~
discussions, dnring which some general mlea of organization were develol@’
the International Cmnmissiou on Radiological Protection ‘ wa9 organi2@d,” :$he’
membership consisting of the above-mentioued persous, Dr. RoLf SieVe* of
S\veden and Dr. Gustav Grossumn of Germany. It was agreed by tht$ grouP,
that the Commission should be kept smalt, and that whererer possible, rePr$_
s~~~ti~e$ to the Cotnmlsslon should be chosen front natlona] Iabomtorles wber$,
such Iaboratoriea existed in member countries. This arrangement and the”
general philosophy of operation of the timmtssion was apl)rored by the S~nd.
International Congress of Radiology before the close of its sessions. ,~”.’” ~

I Cnt!l 1940. the Commission wnu cnlled the International X-ray rmd Radium prO~oa’
Commlrtee.
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dogical Protection in July of that year. Witti@$
an international organization on radiologiml”pm
la! Congress of Radiology, before meeting hi ~t~k:
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ssing protection prob[ems and po~ibly pmp&@
recomtnendation~. From the United Statefi~~: &
resentatire of the National Bureau of Standarf@
tteuded for the American Roentgen Ray, j~o~~
f Xorth America.
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ties arose. Each of our two radiologtml aocfetieq
ons and each claimed to be the autboritatfve~.”
tiOnS to Offer aud was there more by way df. an
rnmendations that were in fairly accepmble’$~
!tion committee, were adopted as the flyat:4aferJ
the process, the United States delegatm tdro%cvd

Dent could not be reached on who aut,hofitatiVefy
ited States. ..7 WI,* .
Lat similar though not quite so serious a SItitk&)D4
Iat fts representitiveg at the preliminary Wk@#
rho carried the necessary auttrority. ,.
F of the Congress, G. W. C. Kaye and ‘S~4$
. S. Taylor (United States) set shout to ‘or@W
n international organization. After preUmSli@’
! general rules of organization were devel~’
on Radiological ProtectIon 1 \vas organi~~:tk
a bore-mentioned persons, Dr. RoI f S[evertj of

nan of Germany. It was agreed by thts grouP;
kept small, and tllnt wherever possible, rep~e

ould be chosen from national Inboratories where
lember conntries. This arrangement and t.ba”
of the Chrrmission wmj approred by the SecW~
~logy before the close of its sessIotM. : ,..,:,“

:.. ..’

c~llcd the Internattonnl x-ray and Ra~tum pro&ffOit’

t
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j<,;l
~t.. ,

~~nuse of the confusion regnrding accredited representation, introduced
by the United States but also by Germany and to a lesser extent by~~nmriN

~ttce, the chairman of the lCRI’, Dr. G. W. C. Kwe, recommended that a
~n~le central committee be established within those countries having more

[h}m one radiological organization
for the purr~w? of cousolidnting national

~onnnendations for presentation at the next meeting of the (!ommizaion. lt
. .. . mrcested that tbe members of the ICltt’ t:~ke this up individually with
&Dr~~;llS groups in their countries-
AS the United Sta~es representative to the internationnI protection group,

ltt!:cnnle the re.$ponslbllim of L. S. Taylor, to conwy its recommendations to the
TSriolls FrOu Ps fuvc’l~-d in this country, to convinm? thmn of its soundness, to

~htain their npproval and suggestions, and to organize n national committee

~tlich could deal most effectively with the protection problems faced at thnt
@P.

10 September 1928, this question w-as discussed informn Ily with the president
of the .~lnerican Roentgen Ray Society, at its annual meeting in West Iladen,
l~d. Sirn!lar discussions were held with tbe president of the Radiological So
det~ of -Iorttl America In December of that year. As a result of these dia- 11,
~Ssious, these orwrizetlons wed to consolidate ~eir Protection activities
IDIOSI single committee. The! further recommended that the committee’s
fictivities be centrnlizd at the hational Burean of Stnmlar{is for the following-.
~tsons:

(1) 1t hnd by thnt time established a definite long-range program in the
~meral field of rad irition protection ;

~2 ) It had the only laboratory in the country as its primnry interest the
dewlopnlexlt of radiation-ilrotection data and information ;

13) It hnd no intersociety or political ties amt therefore could be expected to
ret~iu an independent position and viewpoint; SIUd

(4) It provided the otTscial United Sttrtes rej,resentntive to the Internntfonal
Coumrission on Radiological Protectioti.

The two radiological societies each recommend a physicist nnd a radioloktist
for membership in the proposed national cotnmittee, and the Americnn Medicnl
Association nl}pointed a member to re[wescnt its ~-iewmints. It WAS al~ felt
thflt representation of the X-ray equipment manufacturers would be desirable
and each of the manufacturers waa asked to nominate candidates for this rep
resentntion. Of the nominations received, the tuanufncturers then chose two to
wre as their representativ-.

Thus, early in 1929, the initial organizrrtion of the -4dvisory Committee on
S-my and Radium Protection was established with L. S. Tnylor ncting as chnir-
mnn and with the following rsartjciptiw omani=itions fln~ rwe~ntauves:
.imericrtn Roentgen Ray SocietY: H. K. Pnncoast and J. L. 1~’catilerwax ; j’>
Radiological Society of North America: R. R. Newell aud G. lMilla
.4rwrican Medical Assoclntion: Francis Carter WOOtI
S.r2y equipment mnnufncturers: W. D. Coolidge tind W’. S. Werner

1!1
,.

Xationnl Bureau of Standnrds and ICRP: Laurist(~n S. ‘1’nylor ;,

2. nIsTmrY

The tirst meeting of the Committee was held in S@emher 19”, during the
ar,llu:l1 meetingof the .4mericnn Rocntpen Ray Society. As its first objective,

IhtJCt)njn)itteeuu(]ertook the preparation of recomnmnd:l tions on .X-raY Pro-
Iec[i(,u. ‘1’hcse were published on May 16, IYJ1, %= Xatiomrl Bureau of ‘i5tnudards
har,{ll]ook lL.

‘Hre next effort vwrs directed toward the preparation of recommendations on
ra,!ium Ilrxjtecfion. For this purpose, Dr. L. F. Curtiss wns mimed to the
Comn)ittce ns the NES relwcsentati~e for radinm Protection re~ol)!mendntiol’s~
hnd I )r. c. F. Rurm:lm ns the repressmtntlre of the .4mcricnn Rndlum SOCt@~.

,

‘lIwtirst hnndllook orI rndium protection , XRS hnndhook 1S, was prepared by
.“

h Curtiss, Burnam, Fnilla, Newell, W’eather}ra% and Wood, and was pub-
11.lju,]JInrcll 17, 1!)34.

S,,,)ll nfter tlle pu(l]jcnt ion of hnndbook 15 on X-my protection, ~erY rapi~l t~~~
r~!,,pll,ents \vcre nlnde iu the .X-my ffeld ; by 1!)34 or 1035 it wns rccoxnizcd tbnt

tl,i. handbook would trove to be revised. This t:lsk w~is Ilmlert:lk{w lJY the

tri<inal committee, excwpt for the repl:lrcrnent Of Dr. Ihllcf):lst by l~r. Euxene

I’. 1,~,,)d~r~r:lss ns rcI,rcsentnt ive of tile Allkerirsn Roe!Ltg{sI] l{:iy Stwieiy. ‘lhc
rt. j~cd ~ecullllllcudnl ions were issued in J UIY l“3~;, tis X 1;S l~:tl~~[l)~uk ~~.

i



tilile tile recommcudtition of a qwci(ic permissible exposure level (~~~+w,
tolerance dose) of radiation tllnt could be allowed for occupatio~l
The figure recomtncndt% was 0.1 roentgen per week. TMS perrnlwdble

-;

level remained in force for 12 years and was u.* by the kfanhat~

%
its operations. It was mrlrsequently changed as a result of NCRP action @ ;

194s. ,., ,

Y

The revision of handbook 1S on radium protection was nest nnde~~
the new handbook (H 23) was I&sued August 23, 1$J3S. ‘ %-W+ ,$

These two handbooks, H X) and H 23, were a~i)ted 1: this corm~,m
prinmry guides for protection agninst X-rays and the rndlatious frOEI.@m~,

As noted nbove, they were also the primnry guides in this field to the -k,
project. .“m“: i$@<

Through the war yenrs, there was no formal nctivity by the Ad~V ~,,
mittee. During thnt time, however, most of the members of the Adv~~
rnittee were drawn into the Marrlmttan District progrnrn and It ~~~}
throuxh their efforts that uniform safety regulations prevailed d~:~.
period. ‘“.,7. *W,

During it-a early activities, it wns customary for the full committea e}:
together on the development of protection recommendations. When CUSII~,
tbe recommendations w= submitted through their respective rep~ ‘.
to the participating orgnnizntions for noting and approval. Formal ~TUZ
was usually given at one of the regulnr business meetings of the soelem~~
the NBS as sponsor of the committee, the recommendations were pnb~~.
the Gorerrunent Printing Office as ISntiomrl IIrrrenu of Standards hand- UU
receiving the usunl NBS editorinl processing. , m,@ {~,

In September KM(J, an hiformnl meeting of the Advisory Committee W@I hld
to discuss the extensive revision nr!edcxl iR the X-rSY Protection reeommetida..
tious, particularly in the upper voltnge regions. At this meetirlg, it was poiuted
not thnt protection problems hnd become tOo Comides to perfnit their study and
solution by the Committee as then consti!n(ed. Itm-asreromraended that stipij
I)e tnken to secure the participation in this work of ndditimnl groups kuch as:
the Manhattnn District and United States Public Health Serrlce, mifltsry de.’;
pnrtment, etc. This recommendation wns presented to Dr. Condon, then ~.[
rector of NBS, who commtrrdcnted with the Mnnhntrnn District and “the” Pabflc.’
Henlth Service on October 8, lf14(l, trrviting their participntlon through appotap:
mrwt of 2 rcpresentnttves ench ( 1 psyslclst nnd 1 radiologist). In rmpoaae to
this invitation, in October 194f3, I)r. StatYord L. Warren nnd Dr. IL Z Mom,
were nppointed as representatives of the Manhattan District, and the’ PnlMc+
Hwdth Service nnmed Dr. Howard L. An(irews nnd Dr. IL G. Iyilllams. i!, r .!

The first fortnnl postwnr meetiug of the committee w:).s h(,ld on December ~
194(;. ln the ngenda for this meeting, it was pointed out that new data, .Md
imcome nrnllnhle sjnce the issunnce of the rccoll]lnen,iatic}[ls on X-ray prot~~”
tion, nnd that nrany new protection problems had arisen with the rnpid ~p@,
skm in the radiation yield (protection n:ninst neutrons, l~ultl-milliomvo~l~,”
rn~s, mdioartire isotopes, etc.). It was sug~ested th:lt tl~e scope of the work
be defined ; and that consideration IN given to organizing smnll workhrg groaps
to denl with ench of the problems, their completd reports to be subnd~,,to
the committee for approvaL f ‘%’%,,

S. O1lOA~lZATIOX ,$:i,. +.;

IXscu%slons along these lines were held at the December 4, 1046, meeting-am!
as a result, it wns rrgreed that the committee should be substantially fmhHd:
and reorganized. At the same thue, M was felt that tbe name of the c-*.
should I* made more inclusive and it mm therefore renamed h’ntional C%~~:
on Rndiation Protection. The h’ntlonal Boreflu of Stnndnrds was red@ed i
as the central coordlnntlug agency for the work of the committee; SPO~rS~P;
by nn imptlrtial ngency wna feit to be pflrtlculnrl~ ~dralltageous ~ @sW ,’~fj
t~:e vnrious types of participating organizations (raiiological rmietjes, ~d~Y!,l
government, nnd the possible inclusion of Industrial znd Inbor groupS). :.,.,+i;.i

The general orgnnisutlon and operfitional procedures outlined below .Wers,.
Sgreed upon fit this meeting, aud have been tie basis for the cont~uiug Ow$,~
tton of the committee: -:

1. The committee would consist of an executfve committee, main COtmtd-..
and ns rnnn~ subcommittees ns uecessury to ~ns](ier tie pro~ems that come;
within the comuittee’s sc~~pc. .:
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I:,‘rhe exative committeewcndd he composed of tire members tl]jpointed
,4 the chairmftn and smbkct to the approv:il of tbe I:]ilin committee. ‘Ytle

@uittee chairman would act as chairmsn of the executive comlnittce.
3, The main committee would be composed of (1) technically qualified rep-

~ntntixesap~inted byorganlntions interested in the scientific and tecbnicnl
~wts of radiation protection, (2) representatives at large whose services tire
M to be of Swlal ~alm wwint~ b’ t))e executive con~luittce and (3) chnir-
~fl of subcommittees.
~, The chojce, of chairmen arxl me] UbetY4 Of SubCOUlnlittCeS Would KIOt be

~$tricted tomenlbersof thenminc on]ulitt=b ut!vouldbebsse{lon theparticulttr
plifications needed for the work. (Iu organizing subcommittee nmmbersbips,

jf following prrtctice has becu nnd still is followed: The subwnmittee chairman

~.~lected by the connnittee chnirman with the ap}monrl of the exwwt ire con]-
jttee: the ~u~omm ittee ehnir~~n chooses his working WVmp, mnkcs informal

,,ltacts, and sutmits to the committee chairn~an hi> Inelnbcr+ii) sek’cti{)n~j IIW
~,~mittce chairman issues fnrrnnl membcrshi[] irritations to serve on the sul)-
,I[omittees. Additions may be made to the subcon]mittcw membership if pnr-
:,rulnr spwia lized hrfornmt ion is found to be needed, or individuals mny be
~rited to serve as consultants to the group with due acliu(~\~le{IglIlellt of their
jsistauce hchl(led ~u the published recoruruendations.)

jThe final reports of thesullcommittws would be submitted to the executive
id mnin committas for npproval. Because of the high degree of surct’ss cf

mNI;Shnndbookscri es, itwasrecorumended that this modeof publication ond

1,Permissible external dose
‘permissible internnl dose
1 S-rttys up to 2 million ~olts

,{. Heavy ionizingparticles (neutrons, protons, and heavier)
:. Electrons,rndium,nn dX-raysal ]ove2hlev.
~ Radiofictive iaotopcs, fission products, including the blndling ftnd disI)Os21
;,]l[jnitoring methods and instruments

Wittr the formulation of these btssic philosophies, the committee begun its
tctive progrnm. Its accomplishments and growth since $ts reorgfinizatlori in

l!M can be seen by the appended list of bandtiks published to date, and the
wpended membership list showing the present rermsentation, subcommittee
!Iructnre, and complete meml)crsl)i P.

Recommendationsof ??CRP, 19.31-55

X-rsypmtectbn: m=dedbyH-----------------------------------
Rsdlum protection Sor amounk urI to WI reg.: &mersedd by 11-23.. -.
X-rsvpmtection: sum@edbY K-41 ----------------------------------
Radium prnteetloo: Supersedd by H-M .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
x-m, pmtectlon u m 2.OWJXSIVCJC:Su@ed by H~------------
&a(eLadling of AWtiveMtOE .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Control and mamral 0! radkmet!re rontsmlnntkm in labor~tO@,........
Rcmmnwndations IOXm.ste disposal of pbospfmr us 32 and l~lne 131

for mediral u.ws.
%uoIo@d monitwfw methds SII~ tmtmmen~- - -------------------’
xi aximmn permissible amounts of radtolsntow in the lIUIUIUI Mf Y and

max!mum permLulhle ronr+nlmtlom In atr and u alcr.
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(Rfr. Taylor% statement--continued,)

S.incc the war the recommendatio:ls of the ICRP have been guld~ b a-~ ]
JM measure, from those developed hy the h’CRp and the international reconlgl@@ ,

tioos and stanrlnrds rettect pretty generrrtly the lJnltti States stnndarda-.q
@“## not surprising wtmu oue considers that the roping Of the Drogram ~ U
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endations of the ICRP have been ~ided, fn a-hM@
ed bY the h’CRP and the International recommen%~
‘WttY generally the United States standark. ThftJ~
lmsiders that the shaping of the progrfuu and@
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1~h$irtu~nship Of, some of the committees on the ICRP are in the same hands
1?of correswndlng SubCOmnlittCea of the NCRI).

~lSiImr 16. RELATIONSHIP B~WEEN TItE Worm OF THE IiCRP AND THE INTSIL-
NATIOIVALCOMMISSIOSS

@XOBES 1956.

BLLATIONSIIIP BF.TWESN TIIE ~\’CRK OF TiIE KCRI’ AND THE INTEnNATIONAL
COMM1sS1ONs

.~s noted in the foregoing, the NCRP has been a very active continuin~
~r;:lnization since its inception in 1029. Also because of the very much great w

‘,ririty in the rndintion field in the United States as compared with most other
~,~ntrics, the NCR1’ has been able to develop much more detailed information
b mrtters of radiation protection. For this reason, it is not unnatural thnt

lwre shotlld have been a number of areas in Which the general re~~endfitions
, eIIdphilosol~hies of the XCRP have influenced the international recommendations.
i A major example was the ndoption by the ICRP in 1950 of the lower maximum
I pvmi<sible exIylsure levels rccon,mended by the XCRP 2 or 3 years earRer aud

dre~l(lyill use m this cwuntry. The adoption of these lerels wns also facilitated
~~rhe tripartite conferences between England, Canada, and the Utited States,
Ibe rcsul~ of which were bnsed on the information supplied by the NCRP.

when the ICRP subcommittee structure waa first established in 19W), it was
pttrerned fnjrly C1O.WIYafter that already in use for several years by the NCRP.
in fiict the cbnirmnn selected for subcommittees I and II of the ICRP were
the chairman of the corresrwnding subconlmitt=s of the NCRP. In addition,
c,my of the individuals selected for membership on the other subcomn]ittees
of ~he ICRI’ were members of the corresponding NCRP subcommittees.

The maximum permissible coocentrationa of radioactive jsotopes in the body,
BIN]in nir nnd waler, which were included in the 1950 ICRP report, were those
d,rth,pcd initinlly by the NCRP for its Handbook 52, then in the Course of
Irepar:ltioll.

In the report of the ICRP developed h 1933, the reports by three of the sub-
c,,uimitttws (on permissible dose from external nnd from internal sources of

) r,:~it:ltion aud on X-ray protection) were tnken very largely from the correspond-
IW reports de~eloped by the NCRP. In fact, these NCRP reports were used
8Sthe basis for consideration of these subjects by the ICR1’.

$imilar close relationships have existed between tbe NCRP and the ICRU.
h umld not be said with fairness that the most recent recommendations t~f tile
lL’RU reflect dominantly the opinion of any one group, as nll of the represcntn-
tiws fmrticipflted nctively in its preparation . On the other hand, the new com-

~i[tee strt]ctorc of the ICRIJ is pntterned after thnt which had been ndopted
IT the NCRP a short time prerioua]y. with this extension of nativities, the
I(”IJU organizational structure now includes the following:

c~wulittee I, Stnudnrds nnd Msmsurementa of Radioactivity for Rndiologic:ll
~s~

Committee II, Standards and Menaurements of Radiological Exposure Dose
Committee 111, Measurement of Absorbed Dose and Clinical Dositnetry
Committee IV, Standnrd Metboda of Mensuremcnt of Characteristic Duta of

Radiological Equipment and Nnterial

Throughout the membership composition of these four committees, there is
$at,stantial ovcrlnp in both olficers and members with the corresponding sub-
t,,wmittees of the XCRP.

(Mr. Tnylor’s statement-cent inued.) ~

The Natiounl Committee on Radiation Protection (NCRL’) 1s currently tq~on-
~ red 11.v the Xational Bureau of Standnrds and is made up of representiti~cs
d v:!rious scientific nnd terbnical organizations and governmental deImrtn](’nts.
h I ttis \ray, there is close coordination between the committee’s acti~ities and
thweof other interested groups. This appliea particularly to tbe relationsldps
Wlh the AW2 with whom there is the closest collaboration. ]n fnct, tile Atomic
h]ergy Co*nn]i~sion supplles a Small allotment of funds to the XCRP for ita
u,rk. At the eawe time, the recommendations of the NCRP are mnde without
Wdue ~ffucuce On the part of the AIW.

‘:.,
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,,
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EXHXWT 17. LIST OF NCRP PASTICXPATING OSOANIZATXONS, SUSOOM&&#
MEAfBZSS, MEMBSXWHIP m’ EXSOUTIVE COMMITT- JULY 1~ ‘●’I.*

*,

~ Laarlston S. Taylor, chairman ,[,1 >. ,

I

Sarah W’.Raaki@ secretary
‘ii&

Illxaoumvz COMMrrrEE
,.

,,. f,

r..
!,

C. L. Dunham L. S. Taylor
:.;.:,qrk~

G. Failla
.-a. ,

E. G. lVilliams
R. S. Stone

..,, ,’
:,.);+g +’,:

H ALY COMMllTEE 1Mill OEOANIZATION SSPSS8ENTEO) ‘::l~:mf:’&ci
&@w<pa

H, J.. Andrew& USPHS and Mwommitte chairman “ i i~~.%~
IL C. Barnes, American Industrial Hygiene A.ssociatlon

%
i.$ *.x u.!t{

A. C. Blackman, International Association of Government Labor Orn&w lrMk
C. B. Braeatrup, subcommittee cbairnmn

*

,,, .,,
J. C. Bugher, representative at large

w-I
‘“.:9-!’ ,&-.. .

R. H. Chamberlal& American College of RndioIogy ::.,., J *
W. D. Clans, USAEC ‘ f (d<’ iiti;::
C. L. Dunha”m, USAEC :“Hp -{
T. l?. Eberhar~ American Radium society .,,

z%
.+,:

T. C. Evans, American Roentg~n Ray Society ! ,]w~’” -,
G. IMilla, Radlologfcal Society of Norik Anmrjca and subcommitk ,~=:
P. C. Hodgq American Medical Assoclatlon
H. M’. ICoc& subcommittee chairman a

,,
, ,:XY$

S. E. Lif to% Colone~ United States Air Force .:t w’ }“.
IV. La n~ham, subcommittee cha riman

$
‘Iim ;

Lodmeil, Cdon& United Stntes Army ::.,:!:~’,‘Jr:
W’.B. Mann, subcommittee chairman :’: 1 I?%x.i
G. W. Morgan, subcommittee chairman ., :;wphj,
h-. Z. bforgan, repreaentattve at large nnd subcommittee CMlrman ,:@f&&& ;
IL J. A’elae~ American Dents! Association 1 ~xtis , “{L. .\f~~iI
IL R. h“ewel~ American Roentgen Ray Society ~ .!’>vQfE’fll
H. M. Parker, 6ubcommJttee chairman ‘. i.; tt~~j~j,

E. H. Quimby, American Radium Society and subcommittee cha~rmqri~~jj~~;
S. W’. Rask[n, National Bureau of Standn rds
J. A. Reynol@ National Ekctrlcal Manufacturing Association , ‘7!Nm%
H. H. ROSS1,subcommittee chalrnran .:, :):frw
AL D. Scbulq American College of Radiology !::,,y.@t.
L. S. Skag~ subcommittee chairmn n ; .v~ -tlkf
J. H. Sterner, American Industrial Hygiene Association ‘,:

%
“/. ~“ .>

R. S. Stone, Radiological Society of NorLh America
>,,. ’,.:. .,

I. R. Taberahaw, International A.ssocintion of Government Labor 0rnda~%3
I,. S. Taylor, h’atiozml Bureau of Standards

,4

}~i3iui ‘,1
E. D. Trou~ h’at[onal Electrkal Manufacturing Association ,..
Shields lVarren, repreaentntive at large 8M&/ ?
J. L. \\’enthermax, representative at la rge
E. G. TVill[am% USPHS

%iMii@’

‘*
>!3(’ !

S. F. lYilliams, Captain United States Ifavy t18klL,* ,, ;
H. 0. W’yckofi, subcouuuittee chairman

:, :E!,.!ii’

G. Fnllla
A. II. I)o\vdY
H. I..ricdell
H. J. B[uller

H. M. Parker
K. Stern
R. S. Stone

6ua~bf*ITTEE 2. PSSM1aSIIU.E JI$TEEsAL D@E

G. Fallla
J. G. Hamilton

—-.—-. ... .
i-E. Rose

Sblelds W’nrren .,%.,
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I
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a nor[~xi;], III; I ]:]i.sc.,serrre tliarrbca, thirst, fcrrr, dcllr,ium, nnd leu~pp~,
il]{li~j,lllji]~ I,etivecu 8(X) and 300 roentgeus this rc:lctlou lLlflYcome tn a~~bt

to 3 Iv(,CI<Swith ncute bone marrow fuilure, ulceration of the gastroin
trwct, ellil:ltion, afi(l bacterial infection, A subacute rcrtctlot! Consisting=
acute lli:lrrow f:iilllre, subacute infection in the lungs, br:lln, and bow~,q
general IIlalni]trition mny mnnifest itself III ftbout 6 weeks after exposme ~ ~
tients receiriug 330 to 2.70 roentg~.ns. In tbo.e rwmiving less thstn 233 r~~
nn(l iu solile Sllrvivors frotn doses in tile Ieth:tl ranfw, there Iuay be a c

*r~,:]~ti,,,l of V:lryillg d{,grces {,xtt,lltiil]g for n lwrlod of ]I1(,UIIISor longer Of ~

nlltri[i(ln, cllronie 4il)(,:1ii:i. ]Irottl:t[llr(. :Igilly, I(,(ll{(,lllj:l, :11111 ]~(tssibly nWD*
llle :!lIIIVC :Iclltc syll(lr{,li!c, V:iri(,s \vit 11 tllc g(wll,c[r~ of Illc source of rad~b
In rel:l t i<bll to t lw (,xlMw,[l ll<,r..~>ll.

!tlie efft,(ts of i(ll)izi[lg r;l(li:tti(,ll :]!i](,t::>t II)LJ Jl:irsl]nllcsr Iins I)een extensively

covert,(l if) tlie r{~l)ort ,S{)]l)c I;ft’t,<ts ()[ l,#I)izit]~I{:l(li:lti{,!l (,11 IIlln)an Beingg
fro]l) the X:ij:ll JI{,(li(:il I:w,:ir(ll 111.s!it (Ire. l:~,thes[i;t, M(1,: 1’llitr{I States Xarnl
Ra(liol[)~i{:ll I)(,f(,lls(. I.:ll,{,r:ltl,ry, (’itlif(,rl)i:l : :11)(I 31c(lic:ll 1),.lxlrtL~len~ Ilrook-

haYetl X:11 iotl:]l ].:ll,,,r:,l,,ry, l’J)lt,n, X. Y. : [“llit(.d St:~tes At{,ll)ic Energy (20m-
llli.ssi{~u, ,T(lly 1!).-,,7. T:lll,,,+ f,, r ~;illlt));i :~u,l Ik,r:l rjltli:itiflll {v}ulti only be approxi-
mated bllt tll~,re Jvas :1 lliull (.III)(IL.11 d(,.c. <,u tl)e skin to I,ro{lt]ce lesions.

TheCSti Ul; lte{l “))l,il]t so]jrc ~.” ,],,..{,.s \v~.rL.:
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Al”rl:nsclo>r SI:SSION

]l{,prment nti ve lIOI,IIwI.D. ‘no commit t ee will be in order.
t )~lr first witness tl~is nfternoon is W. Eugene Cronkite of the

~~,,Jl:ll:lJell, N”:ltioll:ll I.nboratory. IIc is n senior physician there.
.ittl~ls tlnm we will be glad to have your tistimony, Doctor

~r,,lll:ite.
I Iln(lerstand tbnt your testimon? will talie up the subject of the

?~.,kl 011tile Jlarsll:lllese Jslandcrs tills aftcrnckon. -L Cf-3we Q

1
:rm&cJ& Rlc

sTATEMENT OF DR. EUGENE P. CRONKITE, BROOKHAVE

NATIONAL LABORATORY ‘
~p q’tt”q-=

])r. Caos IIrrn. ‘hat is right, Mr. IIolifield. With your pcrnlis-
~~o;l1 would Iilie to state tllfit due to duties I had in Nevada I was
un:il)lc to pf’opcrly proofrmd tllc prepared testimony and would lilm
l~~llllisslof) to do so l::trr in t I)e \veelc.

‘ In ad(litio,n, since t]m slll)ject mnterial is rather extensive, 1 would

]i,l:$ 10 s~il)llllt fOr the rccor(l the oilicill report on tile IIarshallese in-
Cl, it’llt and also !I]e (;-mon(h, tl]e I-yc:lr, nnd the 2-yrar re ~orts.

llet~rcse]~tntivc 1IOIJ1r[KrO. lYitllout objection, they will L rcccivcd

011{1 i~lcd ~~itll the Comnlittc(?.

]~r. (~lt(}~li]]~. 1 II the l)rcp~red statement, I will just mention thfit
tlw first nine pa,gw go over tllc $(’neral prol)lems of whole body r:ldi:l-
fio)l of nmn. and 1 am esscntlal]y in agreement with all that Dr.
Friwlcll has iai({ this morning. - -

I would like to mnke one comment in respect to the treltment of
rwliation il)jllr.v that came up tl~is morning. ‘Mat is, that much has
lven learned from the experimental ther;lpy of rndiation injury in
Cl::nl:lls. It l~:~s been con(lusive]y shown that protection cnn he nf -
f~rlled l)Y tllc tr:li~s\)l:ll~tatioll of bone m:irrow from one strain of ani-
111:~,1to :Illotll(’r. ‘Il~e protection nlrordcd by transplantation of gen.e-
tic.~llv spwilir nl:llcri~l; that is, from one nlernber of the some strain
[o :lii”irriidi:itcd ll]emk:r of the same strain, is very gOO~ arid long lfist-

I;<)rIIIh.,.,.,,,[wr 11.1914, TjosAngrlrw, Chllf. Underparfmtc n!udles. Unlverslty Of
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.:itY, \V31n!it I{i(l co. .\rii. I!14rI. rnmliml oflic(,r. L’. S. S. SvIoania AKA 44. 1040-54,

t! !. Ii<,m:ltolux!’I)i~J..Jfm, N,lviIl hfedicn-”L{{.s~n rrh Instliute, Bethesda. }ld. 1946,

1 :“ ,Pi L,; Itr41 n. ljrm:)t,,l, nzist, oix!ation C’ros3rmtds homh firld tent~. I{ fklul,
1 .-. II,)II Islnwig. 19,”,().51. nrojcrt oltlcer. operation Crossroads, blrdoglcnl etfectlyenl
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ing. If the nl:~teri:ll for tl;:ll~s!~l:ll~t~ti(}ll l~fis its sO~lrce in anoth~
str:]in of mmb+, the pro~~’~tlOl~ ls less marl;ed or I~?t as lon~ I%ing.
If tl~c protective n}atcrixl. comes from another spwlcs of n.nlmalj fie
protect ion is very shgrt 1lved nnd not nearly as .ef~ectlve. In Pfi.
ciple, the transplnntatlon of bone marrow would slgmficant?y $ICm
the sllr-iival rnte of exposed IIlmlan beings to doses of radlatlon tit
WOU1(lbe uniformly ffital. ‘he mouJIts of bol?e marrow needed am
I:lJ’$Y, :111(1tlw nmw’1 n~tll~~ of ll~:~n makes lt 11111ik+y that, very
JmIL”l~cout(l IN,exIx~Ited in tl!r \r:IY of long-trrm prot~ctl~e effect. ~
JnY opinion it woIIld he the If-orstj type of ~~isllf~ll tll.ll~klng to ex t

Pt]l:lt onc collld hnvc 111 Cflcctivc i)ollt?-lllar~ow ~:ll)k lJI tl)e Cnse o an

atonlic c:ll:ls[rol)llc. l[iich work is yet to 1)2 (lone. uljd!r carefu]]y
cOJ]t~()]lc(l (S]jl)jcai col~(]itions bCfON (~llc COlll(~ k ol~tln~lstls ~bottt &
use of t]lis proct’durc in man Ulldcr hJJZ!ll.y COlltrOllCd CondltlOJIS ill an

~]l(livi(l(l:tl.pfif irnt: Ict alone un(lcr cOJldltl OJE.~f a nllCIC~r catastrophe.
~~ith this general state] llent I WOUld nlSO llkc to sta!e that certainly

in human beings exposed in tjle .rnidlethal dose of radlatIon, the.clinl.
cal picture of -which is very s~mdar to that produced by depre.won of
bone marrow due to -mrlous clrugs and so on, OII@would expect that
antibiotics and judicious use of blood trnnsfuslolls ~-ould be most
helpful in incremiw the sllrri}ral r:lte @ the nlid@hal range but not
in the mngc in which spontaneous survival 1S JIOt llkely at the present
time.

With these general comments I M-OUldlike tO gO ~ the prepared
stfltement.

I I}n\-e been asked to summarize the e:arly effects of exposure of ani-
mzls and man to external radintion with particular reference to the
effects of fallout radiation on the IMarshallcse, the hs Mamos acci-
dent. nnd radium. In addition, I have been risked to comment on the
beta burns in the Marsh allese. nnd other examples of beta burns. Since
nly-pcrsonnl experience is limited to tllc Nfarshal lcse and nnimal ex-
peruncntat ion, I sl)all limit myself to t.llesc and supply reference ma-
terial for tllc otllcrs.

It is quite in~])ossil]le to cover all of this nmtcri:ll in a reasonable
period of t ill]e, so I sllal] collcentr:lte upoJI tllc ett’ccts of exposure to
external rn(liation o~] animals and mnn with a clinical description of
the syndrome of radiation sickness ns n function of dose of radiation
nnd highlight the discussion with illustrative mfiterial collected in the
stuc?y of tile lfnrsllnllese (reference 1).

Jly prepared statement includes numrrous references and further
m:ltcrial thflt timr ~~ill not permit disc~lssiOn Of fit l~ngth here.

Rndintio!l syndromes r:lr.v as n f~lllction of the ty[)c of exposu~e,
tile dose, nnd the time after exposure to ra(lint,iol~. III general radia-
tion injllrics ~i]]~ be (lividml into three gcner:ll CI:ICWS:

(a) The s~n{lr~nles of wl~ole l)ody radiation injury produced by
pehetrnting lonlzlng ra(li:ltion ~~llicl~ nre dosr aJId time dependent.

(h) Supcrticixl rfidiation burns produced by soft radiations-beta
nnd low energy x or.g:lnlnla rfldiations.

(c) Radi~tion ir]]ury produced by the deposition of radionuclidw
wit J~in tl~e body.

III tl]c 1:1~1(’1(nw tl; e cl~r~,~l pici[lrc raries with tllc site nnd amount”
ct {lelmsitioll.

1:AI)1OACT1VEF:’
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RADIO.kCTIYE FALLOUT AN-D ITS EFFECTS ON hlAN (J41

~ he]pful to a limited extent for ~nemia. The probability of avail.
jilitJ’ of enough blood for burns a.lld, other.injuries is 10W. l~cllcet
,&Il blood may be needed for r-ndlatlon ln] ury, supply may be ex-

Preparation and stockpiling for such an erner~ency is ollvi-~ustecl.
.,ti)!- required.

~ttOUP III 6~RJlVAL PRO13.\~LE

~’llis group consists of individuals who mny or rnny not l~ave 1):1(1
!P~tin~llaUSea and YOllliti Ilg on tile d:t~ 0{ rxposure. In this ~roll])

~pIY 1S no fllrtll(’r evldwwr of et~ects of the exposure except tllc hf,lll:l-
~]ogic—l)l~)o(i—cllallgcs tlmt can be detected b.y scrinl stml~m of the
100d with particular reference to lylll])llocytcs and platelets. The
~ulplloc,J’t~’sreach low levels earl-y, wit!~ill 49 hours, and niav SI1OJV
;ttle evlclenco of recovery for mnny months after expos(l~i. ‘1’lIc
~!nulwytes may show some depression during the secon(l nn(l thinl
~eek. However, considerable variation is encountered. The late fitll
~ the grannlocytes, during the sixth or se~enth week, may occur and
,iould be watcfled for. Platelet counts rcnch lowest levels on a/Jproxi -
~ately the 30th day at the time w-hen maximum bleeding was ol)serve(l
n Jfipmcse who were exposed fit Hiroshinm nnd Nag:ls:l!:i. ‘i’l)is
~:nletrend in the platelet count and the development of henlorrlln:e is
~ nmrkcd contrnst. to that seen k Iaborntor.v animals wllerc platelets
!each their lowest levels between the 10tl~ and 15th days and hcmor -
rht,ce o~curs shor~.ly .tl?ereafter.

In this group mdlvldunls with ncutrophil counts hclow I,00f) per

,b”w IC millimeter may be completely asymptomatic. I.ikel~isc, ]~atirl~ts
nth platelet counts of 75}000 per cubic millimeters or lCSSEl:\y S])(JW
]0 e~terqal signs of bleedlng.

It 1s well known that all. dqfenses against infection arc loJYcrr(l, rvcn
by sublethnl doses of radlatlon, and thus, pfitients with sc~-ere llCIII:I-

:dogic depression should be kept under C1O.Wobservation find n(ll]linis-
erc(l appropriate therapy as indicnted. There is rensonnli!y goml :{ni-
ntl espcrirncntation to Indicate that sublethal]y exposed rolonics of
mimnls are more susceptible to endemic nn(] epldernic in fcctioll.
The numhcrs of individuals in group 111—survivnl prohnble-will

~ greater t,llnn in group 11 —surrival possible-and tl]c nli)j~bcr ill
!roup II -will be greater than in gl’oup I—survival itnl~robnhle.
jroup I casualties will be helplessly injurecl. Group 11 (:isl]nlt i(’s
rill bc able to help in their own care to a limited extent. Group 111
asunltiw will be useful nnd a rnodcrate rrmount of work ~vill ])ot I)o
Klrmful. No tl)ernpy other than olmr’v:ltioll is needed for tl)is gIwIIl).
The rest of mv coll)lllellts m-ill be focused on tl)e f:[llou( :icci(l~’llt

Illt occurred on lfarch 1, 1954.
Followin; detonation, unexpected cl]rin:es in the wind strllctllre (le-

,ositcd radlonctive mnterinls on inhahite(l ntolls nnd on sllil)s of ,Joil)t
‘L]:l<170rce 7, which wns conducting tl]e te>ls.
Rfidixtion surycrs of the areas revealed injurious ra(liat ion lrrels;

~t~refore evacuation wns ordered, nnd was carried out nS qliicl:]y as
c~ssib]e with the fncilitics mvailable. Although the cstimate(l acrlln~ll-
itecl closes to human beings were belie~-ecl to be below tl:l]lgcro[ls
Irels that would procluce lnstin~ injury or mortality, the col)]mnn(ler

f the task force requwtccl as~istance of the Dcpartmpnt of lh~fcnsO

nrl the Unite(] ,~t:ltes Atomic ~.]!erg~ (’o!nmissiol]. .i Illcflic:ll 1~:1111

Is requested which would be orgx(tized ro proYidc tile best po>sibla

&,&
... . . .
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nn(~ [Ilc tcfirn w-as airlifted- to the Marshall Isl:mds, arrivil .,, ——-
ci,g]lt]~ dfi~ flftcr t]le explosion. . .:.i,

‘11]0 in~erirn cam and studyof the QXpOSCd i~~fl~vidunlshad~n
nl)ly t~]ic]l care of by the limltcd mcdicnl f:lcllltles of the Uniti
Statrs NTaval Stltion, Kwajxlein. I am plr~sc(l to cn]l attention~
th(., f:lct of the very high dwwce of coo])~r~tlol}.be~~l:~?l~ all Govem.
Inrnt ngeucies concer?led all$to the numero[ls lR~ll@uals who *lf-
lmly gave of tl~eir time and efforts. The number IS large, and due
crwllt and mknmvledgnwn:s are given in the oflicial wport of the inci.
t;{~llcr,I)llbli<he(] by tbo Un~ted States Government Printing Office, and
1iSiCd in reference 1.

h’.iTIlRE OI? TIIE E\’l?NT AND Dl?SCRIrfIOX OF TIIE EXI’O$+EDGROUPS

‘[’])c raflionctive material fell on the inhabited ntolls Of Rongelap,
tlm Ileaviest dose; on .Ailingime; on Ronqwik where American servic43-
IIICII Jvwo stntionwl, and Utirik where the smallest dose was receiv~
bII $ l)y t.llc l:)rgcst m:nIber of ~cople. ‘1’l)eN[arsl):lllesc were living un-
drr r,~l:]tively primitive conditions in ligl~tly constructed pnlm houses

‘1’i)c Anlcrlc:in military personnel l~ad tile woml highest exposure.
‘I’lLey TVWCmore aw:~re of tl~e si~]ific:inrc of tl~c falloi[t than where
tll[, h[nrsl~:lllesc, and promptly l)ut oll a(l(litionnl clothing to protect
tll(~ir SIiill. As fnr as duties w-ould permit, tl~ry mmnined inside
0[ alllll~il~llm bllil~lings In contrast to tl!is tl]e Jffimliallese in gen-
C1711rcril::ine(l ootsj(lc, and accor{lin~ly ~:cre IllOre I)rxvily contami-
l]:i!ml 1).vtl)c mnieri:ll fallingnpon tl~e atoll and upon tl)cm.

ii]] of tl]c cx]msrwl hnmnll bein~s were ev:lcu~twl hy nir and surface
tral~sport nt ion to tlm (Jnitcd H atcs n:IVJl S1at iOII. l~~~:~ja~e~n~M
]J~olllI)tly as f:lcilitirs wol~l(l Ixuvnit. ,Sin(he :~sllrrcy of tile indlvldualg
S1)ON-WIth:lt tl)crc v-ns si~~ific:lnt cnninl)li:~:l!ion of tl~e s!:in, cloth%
:111(1]inir, t lJP c]ot hm were remo~w] and ]alln{]erw] anf] repented ~~h-
illus of t lic skin :I]i(] l]nir were carried o[~t wit]] frr<]~ water and soap.
‘1’t\e I):!ir of the 31:Irshallcsc wn~ ,lrro]~tllllill:,tc(] ]vitl~ dificulty be-
c:it(se of tl)e l~eavy coronllt-oil ll:lir flrwsill~ tilt’y u-o(l,

on l?n)l~t~l:ll} tlwre were ~+ indivi(!ll:ils tll:~t rr(civwl an estimated
doso of l’iVIr. (2R Airlingil]ae there were IS il](lividu:~ls receiving aP-
proxim:ltely Cfl r. 011 ltongerik tllwo were Zs ,lll~rriciln servicemen
rcccirillg :ll)]>roxir~~:lt(’1}’‘7S r. on Utirik t]lero \\-ero IS7 individual
re(’iivi!l!I:)\)[ )loxill):lt(~lv 14r.

,~(>l,:ltol” .+L>l)l:lisox. jl”!i(:rc do YOU get tllosc figur~s, Doctor?
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Ice msurvey of the individuals
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t those figures, Doctorf

R.tDIO.lCTIVE FALLOUT AND ITS EFFECTS OX MAN 943

Dr. CROXK- I will come to that in the next section. I will dis-
~g how the dosea were arrived at.
“Senator ANDERSON. We heard it suggested this morning that lots of
~res ,are qot too reliable. I am wondering if you had a way of

{
~easurlng this w YOU ymlcl be fairl sure of these figur~.

Dr. CRONKITE I w]I1 corn? to t is in the next Section and discuss
je rellablllty of the dose estimates and the vnrious ~ii~i:ibl~s tl)nt go

TI’1101.ERODYGA3131.\ DOSES

Dr. (ltox]i~r~. The determination of the whole body g-amnm doses
jre dependent upon the surveys that were made with calihrnted in-
~nrrncnts. approximately 3 feet above the ground several days after
he ]nlmbltnnts were evzcunted. In addition certain assuml)tio~)s had
;0be made about the arrival time of the cloud and the rate of fallout
j the material. Only on Rongerik where there was a recording dosi-
yeter is arrival tjme known precisely. The dose rate of the contlnui]]g
j]lout of materud was in

E
art neutralized by the progressive radio-

~ctivedecay. In addition t e transit dose from the cloud pnssing over
;he atolls could not be estimated. All of these variables ~~-ere ~akel~

intoaccountand the dosescalculated.T’h= dosesyre Consistent
rith the doses that were actuall measured on Rongerlk by tilm tlmt

i~as stored in retilgeratora and y film exposed outside on this atol L
In view of this internal consistmcy it is believed that the dose of

dculatad radiation on the atolls is reasonably acxxmte. Details of
he calculation of the dose are in the othcial report which discusses lR
ktail the probable range in values ( ref erenco 1, ch. 1).

CIIARACTERIS~CS OF TIIE GAMMA RADIATIOAV

The fallout material when deposited on the ground formed w la~ge
planar source of radiation. The ener .-

t?
distribution of the radint 10U

reaching an exposed indiviclunl is in uenced by its pmsnye tllrollqll
the intervening air. A lmowle~lge of the inherent gamma slwctrunl :1.<
it eminates from the mnterifil itself is essentizl in or(ler to {!eterllline
IIlespectrum that impinges upon exposed individuals.

M%en one takes into flccount tile spectonletric d:~ta on tllc mixwl
f:~ioll prodllcts find the (l~,~redatiorl I)\- (’oml) ton sczttcr ins :Ilonq tll(’

(

path in air, a dose ener:,y IIistnyrfiln ciln be construcfe(], sl~olvirtg tl~:~t
Ihcre are roughlv 3 regions wltll mnximn at 100, ‘700, nn(l 1,50{)Key.
il)r total expos[irc is thus the resultnnt effect of parti:ll (lows flolll
;:~rl]cnPIgy regi[~n, mnking tl]e exposure rllergy condit ion Si,gllilic:ll]tly
,Ji!l’{ll,(>lltfrcjm t ]lose of r;ldiltion tllrr:l]~y, Cxpcrilllent;ll biology, or
frolll t hr plompt g:~nlnm m(li:lt ion of tl~e lmmb.

l)ctails of the cllnracteri>tics of the exposure are (liscllsscd ill refer-
m~(, (reference 1, cl]. 1).

.lctunlly tile overall effect of tl~e yonwtry and spcctrurn is to pro-
[In[,e:t l-cly uniform cleposition of r])c?:y tllrou~l~out tile 1)0(]: so tll:it
]JPr roentgen in air ffillout radiation 1s relatively nlore efYwt Ive t 1):111
!l~(~l)l,om~)t rfidi:ltion froln tl~e Lollll) or tile r:l(ll:l[io]) frolll :111 ~-r:ly

tube.
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~,,
TIIE CIIAIL\CTERISTICS OF TIIE FAI,l.OUT MATERIAL~.. ‘ .-r!:

. .>.r.: The fallout mnterial consisted predominantly of flak= of 4
:,,.. oxide resulting from the incineration of the coral. Upon the &

of calcium oxido fission products were deposited. At Rongelap &n
the mnterial was visible and described ns sllowlike. It stuck ~ ~
skin, adliercd to tl]e air and clot~lcs, tho vegetation, and the ~bi~
tions.

F.? ;
h

\ l)r. t’l:OXiKIl’E. l-es, sir. “

1,

SOll:lt Or i\ ND El: MS. ‘llwy l)oc1 tliis ~vllite fallout that they tho%~
,.’ wxs some sort of manifest:ltion from l~cnven and would not W* ~ff
* for 9. w!li]c. and sulrere(l as a consequence. You nre describing ~
. . .

\ same sort of tiling that llappenecl down tl~crc. .),>”,
Dr, ~ROXK1”l’E.They were in npproximfitc]y tl10 same or a “am.

a, parable position m the Iton:e!ap nntives ~nd ex)~erlen~ed very CI~7

the Sflme t]ling, except. in t]!clr case. working with t]mlr fishhn% ~d

so Onl grin(lin,g tl~e mntcrlal ll]to tllelr llnndsl they got worse skin bfi
thnn t])c 31nrsl]allrw. [i

Senator Arsmmsox. Tllnnfi you. ‘i-.-i~,,

:2.
GEOMETRY OF TIIE ExI’OSURE OJ{

,;
Dr. CIIOSICITE. Time dots not permit a discussion of the efl~ of

t]jis, but it l)as been alluded to earlier ,ln(l detnils of the influence of

geometry of the e~pOs~~re tO bloIoglc e~!cct aye in refcrenw 1 and 17.

SUl?ERFICI.\L 00SF.S OF IL\ DI.kTIOX FR031 I;ET.\ AX71)SOl”r GAMMARADIA’I&

Tllero is no doubt tl~nt tl~e close of radia~ion to t.l~e first few mini.

meters of tile Sliill is suMantially lli@ier thrill that nt the midline of
tile body from tllc mom pelletratiu: gamma cmnl)o~lent. Problems
cwnccrnwl ~vit11tl)e cstimat ion of the close of radiation to the skin am
cliwvwed in (lctail in rcfrrcwe 1, clknpter 1.

To nrrivc nt some pl}ysica] est in)ate of tl)c Sliill dose, an nttempt must
be lu::de to udd Ii]) tl)c contri~[ltiolls of tllc? ]ml]ctmtin~ &imma, tba
le.+ ])ctlctrmtil)~ g:l]nmnl tile I.)cta IxI!ll to ~sl)lcl] tllc jndivlcluals we,
QXIMNC(l from t IIe rcl:lt ivcly, (Iniform (l~j)()~it ;o]) of ksion products i
tllc CIITil’Olllllrllt, :Illd tllc I)oll)t collf:~ct s(Ju1~(~ of ~]l:ltrrjn] dr=fi~~+~~ ~
tllP Sliill. l)y all nlcfins tile largest conlpone]]t of skin Irma. .._..-_ _
Hllte(l from t]m .slmttv IoL21 (Ierm.sit.s Of f;]llo]lt. n)-4A-:-1 -“ ---fi~’

L-

“.

i-

.? “ CLIXIC.\I. OIXERV.iTIOXSANI) TI:ILiTMF,XT: sY31l“r031S AXI) SIGNSRKLA~
~’ ‘n) E.WIATIOS INJURYu:

1-
,.,..

It(”lling nfld h(rrnin,y of t~:.. s]i~no(cllrre(] ill S,Qpercent of the ~Op?s
,<, OR l:ol)gL’lalj, i!~ perccljt of tile ~ruul) 011lli]ill~i11a8 nnd l’inercaxlt C

‘lYwre v~l,e~lmcrlcans.
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the Amcricarls. l’hrre were no,s}mptoms refcrnble to the sliill in tlm
il)diVidUaJS on Utirik. In nddlt].on to the itching of tllc skin there
~M burmng of the eyes nnd lacrnnatlon in people on Rongclap and
~ilinginae. It is probable that these initial s}in symptoms were (Illo
~ irradiation since all individuals who experienced the initinl syn~p-
tonls later developed unquestioned radiation-induced skin lesions t l~:~t
mill be described in detail later. It is is possible llo~~cver, that tllo
intensely nlkalirm nature of the cnlciunl oxide -ivl~en dissolved in l~cr-
Epiration might have contributed to tllc illiti~l syn~ptoln~.

,\bout two-thirds of the Ron$elnp g]oup were nnusc:~ted dIIYing tl~o
flKt 2 ,dpys? and one-tenth vormtcd and had diarrbm. ol~c p[rsj)l] in
the, Adlnglnne group wns nauseated. ~o one in tile RoR~crll: or
~tlrlli group, or Americans, had gastrointestinal sy]llptonls.

CLINICAL 013SERVATIOA-SAX-D LEI?KOCITE COUXTS

13etween the 3%3 and 43d post cxposlwe day, 10 percent of t lie i il-
diridua!s from Roneglap had on absolute granulocytc ]evel of 1.()(K)
per cubic millimeter or less. ‘Ile lowest count during this period W:IS
100 per cubic rnd]imeter.

Reprcsentntlve HOLIFIELD. How does thnt compnrc with the normal?

W. CRONKITE. The normal count would be approximately 5,0L~~~to
G,000. in Americnn population. They were very seriously deprww(l
at th]s time.

Renresentatim HOLWIELU. This was with nn average of arotll~(l
Wlmtl

IIK (l~oNKrrE. 175 roentgerLs. I nm sorry I did not nlrntiol~ it
enrlier. I mn limiting my comments to the h@]est dose gro(lp. ‘1’l~e
tinw sequence of events in tile other groups was similar l~~lt just to n
less extent more or less proport ionatc to the decrrwse in (lose re(ri v(x1.

During this intervnl the ndvisabilitv of propllylact ic :~~l]nil~~-t1:1-
tion of antibiotics was seriously considered. However. propllyl:l(tic
rtdministration of antibiotics was not instituted for tl)c follo}rill:g
reasons:

(1) All individuals were under contin[lous medicnl olmr~-:~t iol~ s,)
thxt infection, if it developed, would hnre been cliwovere(l in i(s
earlier stages.

(2) Pqemature ndministmtion of antibiotics might llovc 01)curc~l
rnedlcnl lndicntions for treatment, nnd might also l)nve le[l to tl~c
development of drum resistnnt organisms in Inclividun]s with loi~{,lr,l
rcsistallcc to bacterial infect ion.

(3) Tl]cre was no nccurate Imomlc+ge of the n11711})rrof y:ll)ll-
lwytrs requires by man to prevent infection with tliis tyl)c of yr:l IIII-
lmtyopenia 2s occurred in the Jl:lrslllllese.

‘1’IIc olwervcd situation JI-:is not .-trictly coml):IInl Jle to :Igr21)IJlf)ry -
tosis with nn aplastic lnnrrow as seen il)llo]vil)g lillO!!’111(’111:11(l~)<:’s
of rn(lintiou. 11) the latter insta])t. gl:lnllloc~t(% f:lll l:ipi(ll~. lvil 11
practically none in tl)c circlllstiol) an{l no e~:iflelico of gr:InlllIx’yt,c
I’(:gcncr:lt IOn w])rn )nfectlon occur:. 11, t])c ,)r(,?[.:)t gI,OIIl) of i]]{ll-

vlduals exposed to radi~tionj most collnts reachr(l :llJ1~l’osilli:it(’ly ol~c-
fo[lrt]l t]le norlna] vfilllr, but the frill tO that ]eVCI wa~ ~M{ll~:ll ~lld
the presence of ilnmature ~{rranulocyte~ ill the peril)]~cr:il ])]00(] (lllr-

ing the period of grmulocytopen”ix wns indlcatire of some l~cw

k
rranulocytc prodllctlon. In other words, the bone !I]:il’lo!v 11:1(1IIot

een completely ~radicated by the dwe of radiation rew ivcd.



9-16 IL,l DIOACTI\” I; lAI. I.OL’T AA-D lTS 1.}F1:C1S OX }.:.KV RADIOACTIFj

CI.l SICAIJ 01’SI:2VATI13SS AXD I’I.i\TEI.~T COGSTS
! ..

IEICVen in(livi(]ll:lls hnd platelet co(lnts that fell rIS low as 35,~

to Gfi,000/nlm.3. ~~11in(lividll:l]s with pl:ltr]et counts less than 100,000”
per mnl.3 !rrrc exnrninwl dail.v for evidence of hemorrhge in~ th~
skill, mucous n~cnll)mncs and retina. urmo wns exnmlncd daily
for rcd cells and albumin. lYonlcn were qurstiolled concerning ex.
ccssivo nwnstrtmtion. ‘llc only cvi(lence for any undue bleeding
were t~~o women wl]o menstruated profusely at tile time of t,he~
maximum platelet dc~ression.

I
It w-as not sufficient to cause them,

undue concern nn{l su m [led without any specific t rest ment. ,,,; :

]~our WOInCII in t]~c Ilo]lgc]ap ~roup were prcpmont when brought
to l{wiljnlcin. ‘~\v() WCrC 1]] t])e llrst trill~cster, one irl t]ie second tri-
nlcster and one irl tltc third trimester. ‘171erc were no abnormal symp~,
tolns rcfcrablc to prcgn:lnc~. As f:~r as could be determined the preg-
n:lncy continued in tllc nor]nal f:isl~ion.

In the AilingirI:ic group of 69 r, one v-on)an wns in tl~r second trj-
rnestcr. Irr3t:~l u~rrrc)]lrr]ts were unnlIccted in tile ill(lividual in tlie
tl]ircl trimrstcr. ‘Nlc prym:lnt women l):~d a marl:c(l (lcpression of
platelet coul)ts but at no tllnc \vas tllcr~ any v:lgi!}:~l hlrm]ing. At the
12-rllont]l rccx:illiin:ltion of tll~ above ~~orllcn, all had delivered. One
lml)y was born (lr:!d; tllc others wrre llor]na].

In tl~c c:ls:: of tho or)e stillborn, irr:~(li:~t ion ocrllrre(l to the mother
citllcr lwfor., collrcf)ti(~rl or c:lr]y ill tllc iirst Irinlcstcr. It is possible
tll:lt tllc irr:ldi:ltioll ln:ly llarc col]tribulcd but tllcre is no w:ly to prove
this.

sI)rcr.il. l:x<i~rlxi~mox o~ ~l-}:s

At all followup cxnminntiorls an opllthfilornogist lias examined the
e~cs of all in(livi(lunls. To (late no ]csions ascribable to ionizing radia~
t:on havo I)ecn found. Similnr stlldies l)nve been made on the eyes of
r,oncxposed l[:irshallcse and tl~o incidence of eye Icsions is identical
in the two groups. ,,.

SKIS 1.M1OSS AND I:PII..4TION f.

.1s mor~t iollc({ rwrlior thrre wns l)urniny of the skin. On first ex-
an~ination by the lllcdical team on the ninth post exposure day the ex-
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.,,,,cI1people appeared to be in good he~lth and the skin was definitely
[{)rlll:ll in external ap ]earance.

A
Kvidcnce for the development of

.,
~~ln lesions commence

!
ap roximntely 2 weeks after ex osure.

7Dmng the early stoges o devclopme}lt of the lesions, itc ~in , l.mrn-
1~$ ond slight pain were e;perlenced with the more superficial e.sions.

Klth deeper lesions the pmn was more severe. The deeper foot 1C.S1OIM
K~Irethe most ptilnfu] and qaused some of tile people to walk on t]leir
~pp]s for sereral days durln ~ the ncute stages. Some of tlm more

i~wro lesions 0~ t~ie ]Ieck u ~xill~~e WCN pfli.nf~ll. ‘~l~ere ~~ere nO
1 ~yInPtol))s ~~sociatcd with tl~e skm lesions.{Onstitutiona.

‘II)c characteristic sequence of events in the development of tl~e lc-
;;ons was the occurre]ice of symptonls, then of black pl mcntcd are:ls,

$
~lnfill in size, which rew linger in size and coalesced, % ater the ski 11

~<:~1n to shed from e inside of the pigmented plaques to the ollt~i~~~~
jnd in some cases resulted in the production of large clepigmentwl
~re:ls. In most of the lesions the shedding was limited to the sulJer-
icifil layers of the skin. In some the process continued with the dc-
l-?]opulent of superficial ulcers. A few became infec~d.

‘1’Iio nppcarnnce of these skin burns can best be Illustrated by re-
f?rrrd to CIMpter III of reference 1 where Kodachrome pictures il-
lustrate the sequence of events.

In a[?dition to t~m skin burns, loss of hair, spotty in nature, occurred
in some of the individuals. The hair grew in again with normal color
~nd texture and the regroyth was,complete in all except ossibly ono
Iniddlc-aged man in -ivhom l! came in somewhat sparsely. 8 mall pieces

Of ski u were removed surgically from some of the burned areas for
llese pieces of skin demonstrate the typical fin(l-alirroscopic.st:ldy.o .

ings of rndlatlol~ ln]ury. Some of the skin burns became infected,
p~rticulnr]y those on the feet, nnd n-erc treated l?cally by cleansil!g
snd npplicat.ions of antibiotic ointments. T~le ~km burns he~led In
most cases with return of normal color find texture of the sliln, and
in some c:~ses scars were left with depigrncnted areas.

‘I]le worst burn occurred on the back of the ear of a middle ngrd
!l:\ll. It produced a permanent scar with absence of pigment and ab-

nornlnl blood vessels and a sli bt horny growth of the overlying Skin
thas developed. The skin has een carefully observed at 6 months, 12

~mnths, 2 years, and 3 years Rfter c~pqsure~ nnd there is 110 e~i(lq~e

It the present, time of nuy breakdo~Vn in t~le early burns .of ~he ~kln.
There is no evidence of the clcvelopnlellt of cancer at ty~lg time. In
~nlll e the depigmented ~c:irs are still e~’ldent. The individuals nave

hr,~n seen on two occasions by a plastic surgeon, Ilr- J~r:~(lfoj”Clc:~l~!~~l,b
of tlic lIarvnrd bfedicml School! who feels that no plastlc repair 1s
l[u~’+:~ry al]d tl~at tllc prognosis in gellcrnl is good.

I’.JCTOI{SIS F1.I-EXC~NG Sl:VTl~l’J’~or TJIE T,l:SIOSs

( ‘(’rtnin lessons were ]esrnr(l from tile hf:lr+allrw experirncr.
I\ IIrIIS ~YQre call.wd by {Iircct cent :1~’tof t l~e ratlioacl ivc nlalcrixl

v:itl~tile skill. The perspiration ns Col))mon in the tropics, the (IC1:IY

in (Iwontaminntion nn(? the difllculties in decontamination certainl.v
fnl-(}rc(] tl}e devclopnlel~t of the Sliill lJurn9. Those individuals WI1O

rl:~:~inml in(loors t)r Ilni]rr irees (lllril]g tile f:lllnllt devclo])cd 1<+s
severo skiu burIIs. The cllildreu JYIIOwc]~t wading iu tl]c occ:iu devcl-



,

Oped fewer lesions of the feet and most of tl]c Americaps who Wem
more aware of the dangers of tile fallout, toOk sllrlter In alumin~
buildings and bathed nnd clmnged clothes. Conswpmntly they devel.
oped only wry mild beta burns.

Lnstly, a sin~lo layer of cotton material offere$l nlmost comp~e~:
I,rotection. as was den~onstrnted by tho fnct that skin burns developed
n]lnost cnt irely+ on tho cxlmsr({ pnrts of the body.

‘1’ho pro:m)sm of Iwta sl:il~ lJll Iws ~lld I.:jdi:~t 10n l)~lrnS of the skm
is excellently dcscrilml ill clull}ter 11 I of r(’fcrcl]cc 1.

It is genermlly considcre(l that rl]:]nges in tile bloodflre the most *n.
siti}-e I)io]ogic Indexes of exposllre of 1iving llum.an I)elngs to radiatiom
Accordin&ly extensive simple henmtolopc styd]cs ~~~re performed on
tllo Ararsllallww’. Silire tlwro were no prcvlolls Ilenlatologlc studies
on t lm exposed l[nrshal Iesc, it was ncccswry to set up ~on~rol groups
of nonexpose(l llnrshn!lcse of the satnc n:e and sex dlstrllmtlon for
compnratire purposes.

I shall restrict my comments to the fin(lings in the group from
liongclnp since the tmnpor:ll scqllcn(’e of c~(’nts are identical in all of
tl)o exposed gl”ollps. Of collrsc the deprcsision was less marked in the
less severely exposed groups.

‘~he nbso]ute ncutropl)ilc count of both the younger and older age
gro[ll)s fell {lllring t]lc second week to a v:lltlc al)proximating 70 to 80
pcrccnt of that of t hc cent rols. l:ollo~vil~~ tllc de])ression there was”
nn oscill:~tion roughly arolili(l lllc control value until nbout the 30th
postesposllre day at wl)ic]l t in)c there was:1 ])rogrwsirc decrease in the
I)loo(l count wit]l n)inilt~lllll v;illlcs lwill~ att:linc(l nrollnd the 45th day,
Zftcr exposure. It is of interest tllxt tl~e (Ieprwsion in tile children
less than 5 yenrs of ngc was grCiltC’1’ tllnn in tllc individu:lls who mere
grcxtcr tlmn 5 .yc:Irs of ago.

~o]]o~villg t])ls mnximal (leprcssiOll tlIeI.c W:!S I SIOW ~etllrll of the.
netltropllile counts tol~:lr(l I)orIII:I1. J Io\Y(*vt’r, nt G I) IOI1lINtllcy were
still (leprcwed. At 1 ye:Ir atI(l 2 }c:~rs tllc n(’lltrol)l)ilc counts were
back to the control level. I1o\~cv(Ir, nt ;] vears t Iicrc ~vas a drop in the
nbsoll[te MC::ll nclltropllilc rollllt l~llt tlli; also oce[lrrwl in tl]c control
popu]:ition. It is not liIIoJvIt wllr!llcr Ioi!-tr coli]~ts rel)rescnt a popu-

lation trr]ld as II:IS I)ren II()!c(I in il)r .J:(]mllme for ])ot]~ irra(liated and,
nonirr:l(lintc(l pol)lll:ltio])s, or wlirtller it is nlel.ely :[ statistical fluctua-.

tion tl)lt is to t)r cx[)cctcd i[l this t]-l)c of slll(ly. lIorc JYorl{ is necrs-

.s:iry on this ~oint.

1,1’;,l I’llo(’1””1 i: (“ClUS”l’

R,\[)I(),\c~I\’~ F.+-
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‘1’lm rcslllts of the 3-year rncliocl)emical nnfilysis of thg U&@ ~
wero recently collccle(l are not conlp]ctcd as yet.

It wns belIevcd tl)at the body bllrdens of these people wa5 ~e “IOW
find prol)nlJly l)iol~gicnlly insignificant.

?’IIowever It was dmi ~ ~
bring some of t]le lndividllri]s to the United s~ates for study ~~ ~
tot:tl bo(ly gnl?lmn count cr at the Argollnc h’~t]onml I.nboratov. ~b
(?wision w;ls ]Ilnlle 11{)$bet.allse Of.:llIy fear hljt b$cfillSC the ana]ysi~ of
t]ie llril)e aII(] tl)e nnlll]:tl :ll)a]~sis were fin Ill(]ilcct means ~ Obtiu
1)1’ol)flhk [)()(]~ blllll(~llS.

It, JY:IS olIvIoIIsly (l(wi~ll)l~ {0 obt nin n. firm (lircct mcnSllrenlentOf the
l~~(ly ljll]xlet] f[())ll tl]~ ~;l(lljt ]~lcst:l]l(ll)(jll]t~]~(l to (Ictcrmlne the Pmci%
I)o[ly 1)111’,ICI15. Ipollr ]ll(llr](lu:l]s froln the Iiongclnp group, 2 ~m

tllC Utirili gt”oll]). ? an(! 1 control ~lnrsl~~l~c~e—~ total of 7—we~
l~lollgllt to tllc United Stntcs yn(] ~filic]]to tl]e Argonne h’qtlonal ~~
Olultol”y. ‘~]l(?r(?,Ull(lcr tho dlrcctl(m of ~)octors ~Inrlne]]l, R~, ad
31iller, tllc total I.)ody ~nnlnla activity was measured. The res~~ an
yet incoml)lcte and havo to be nnalyzed further. It lVaS found fiat
tile cxl)osr(l Alnrshnllrsr l)ad coul)ts tlt:tt ~verc biyl)rr tlmn nonex
pw)l)lcs it~ t!)c United Stntcs. P1 loJYcvcr, tile J-;]lucs were far ]OW
tl)c current permissible lc!cIs.

,~illcc t]lcl.c ]I:IS bcrn some ~~lisl]l)(lrrstnl~(lill,g in tlm press about CWII.
dreII I)ciny l)rou~l)t to tl)c lJnite(l ~.tntcs for ~tII(ly, I would like to
s(:ltc tll:lt ::1] thr in(]ivi(lu:ils l)roll,gl~t to tllc Un]tml .St:ites were adults,
\vitll tlio cxceptioll of onc IG-yc:lr-ol(l boy. ‘1’lIcy Il:lve sul)sequent]y
1(?!’11r(ttllrl)c(l to tllc 11:11’sll:lll Isl:lll(ls.

RADIOACTIVE F.4LL
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~t summery of the 3-year stat~ls of these people, which will bo

~Portcd in detail in reference 22, now being prepared, follow-s:

FERTIL1’rY

I;il’ect of raclintion expos(lre on fertility is diflicult to assess in the
Jfflrslmllesc. If tl~ere h:ls been nlly effect on fertility, it must ha.-re
be~n V~ytY~llOrt li~t’(], ~il)(’(’ l)r(’!~l~$~llci(’sarc occurring ]lorlllally nn(l

(,,.(),1!)sof Jl:ll.sllnllcsc.~tr:lt(’s silllil:lr (o(>lll{’r=

I’l:l:(:\-.\sc Y

F,l’1’l:C’IS OX ‘I’ll]; FKTCS

.~ GI:O\V’1’11 .\>-t) l)!:\ ’1:r,01’3f EXT

FII(”):i’I’1:>- 1<-c (IF 1,11’}; $1’.\\’

ln :II)iI\Inls, tile c~i(l(’l)(x: for s!)ortcllinc of Iifc Sl):lll is qllite good.
It is (?~i(lcllcc tl~:(t t!ic lit’(i silortclliI}g is w)Ille fullctiot) of tile {lose of

I:](litition. llowc\-er, tlm cxtrapol:it]on from mice to nlall is extrcll]cly
(liificu]t. It is unlikc]y tl~:~t any :00(1 statistical nnalysis c:~,n be nl:~(le
on the hf~rshallese because of tht’ smnll numbers of lndl~-}duals a}ld
the uncertainty of tile ])rc{’isc hi rt]l date in tl)c older grollps, prior

to the American Occupation in 191+.
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There has been ono death in the Ron clap group who, at auti~,
showed evidence of heart disense. ?In t Ie lxr er group from Ut@

(Fthere hnve been five deaths. .The number of eaths is compa~b]e ~
both groups, one having received 1’75 r. nnd the ]n~te~ on]y 14 r. To
date, one must conclude thot t}wre h been no sl~n~ficant evidm~
for premature nging or shortmng of the IIfc span of the Marshall&.

LI:UKl?M1.t AXD C.4A’CEIZ
,.

,.

l~eu]:emia is one of tl)e things tllnt is ]inO\~Il to hnve. occurred ~ &
Japanese aII(l k prc]:llcnt, in ]rradiatr(l lalmratory nnlmals. To da%

no ]eu!ien)ia lIa S occurred :IIId there, is IIO cvi(]cncc of ]eu]icrni$ tenden-

cies. This is being studied intr?nslvelv by the u.m of n]kallne h-
?pliatnsc studies on tl]c granu]ocltes an(l bnso]jl~ile counts on the b ~

It lms ken shown by t lie studlcs of Moloncy et al. in Japan that-a
basopllilia a]ld decrease in nl[mline phosphatasc precedes the develo~
mrut of leukemia. ‘1’hey picked up a precursor tendency that is de=
able prior to the frank n~orpholo%ical picture of general leukemia: ::

(]enctic c(rects, 1 thinl:, I will defer comm~nt on, since 1 nm not i
geneticist. ‘1’lIc number IS smnll, and I see IIttlc cluulce of det.ect~g
anything of note in the Jfnrsllnllesc$

Representative HoI.lFIH,D. 1s it not true t]mt. if the male and fema~i
are married to n group that IInvc been irrndintedt there is a mu&
gre:~tcr chance of the genes being effected than if one irradiated pe~n
an(l a nonirradiated person were n~arric(l ?

l)r. ~I:OXlilTE. l-es: 1 am sure tlm pro!) abi]ity of (lctecting isgreate;
Ijy (ol~s:tllg(li neons n~nrri:l:c t l~:~n b? llollcol~s:il:gllil~eolls. I am ~fi
tl~is is n sllbjcct that l)r. Iill.ssell wI]] go into Ili considerable deta~
an(] I \\’ill ltave to cc, nfcsslelnti~c ignorance 01] the subject.

1.OX(l-Tlti:M EFFI:(7-S OtJ IXTE1:>-ALI,Y DI;l>OSITCI) IlADIONUCLlDF3

‘1’ILcv(lry sn)all aulolll~ts of radioactive tl~atrrials that arc deposited
ini crl~ally air, I}y tl~cn]..eivcs. inn(lcqu:~tc to I)ro(lucc serious, long-term

ctlects. llO\seYeI,, t 11(,:Ill)ject is co]]~pl ica[ed l~y the fact that the indi-
vi(llmls 1):1(1a subst:ill[ ial illiti:ll insult froul wl]ole-lm(ly racliation. ,.Iil
a(ldit ion to tllc wllole-l)o(ly ra(liat ion, tile tll~roi(l ,gland received
a[)[~rosilnate]y ](x) [o 1,>0r. c. p. frol~l tl~c sllort-live(] iodine family. It
11:(s ~(,cn Ieporie(l th:lt irradiation of tlw tllyroi(l area in early life
in{’rc:lsrs tl)eil:(.i(lcll(.~~of calw(r of tllc thyroi~[. Arror(lit]g]yl thyroid
fllll~tio)l :!)1(] t])(! l)l).c..iili]it~ of t)l~yoi(l C:lll((>l. iS l)~ill~ StU(liC~ in tht)

llarsl):Ill(Isc cllil(llwll. ’10 (I:itc. tll[>rc is ]l(j (~vi(lcuce of abnormality.
J’wfoic concl(l(lil~g. I c:il)not refr:liu fro]]l exl)ressinq my personal

ol)i!lio]l an(] conviction on two as])ccts of tl~c f:lllout problcm. “,
J’iu.t, t I1o acut c a],d lol~g-terlu l)nz:ir(ls of f:l]lollt, SUC]I as would

Occllr folloivin.: (he. use of t]lcrmol}llc]e:lr (Icviccs ill ~r:lrf:lre, are simp
ly Illltl)il)li:ll)ll’. ‘lllc widespread contaminati(m over continental areas
froll~ l~llllti])!e (lctonations of thcr]nol~llcle:lr {Icviccs o~~er populated
nr(’:~s wolIl(l l)roduce rndiation ha;:ards for nl~ ]iying things and for
Ccllcrations to come. Tl]e.se h:lzar(]s are rather well un(lerstood. Th-
haznr(ls cannot be consi(lcred on tlm usual calculated risk basis”~f.
warfare in the past. One can only make a plea that an enlighte~
Wor](l ~rill (lenmn(l t hat tlloir reprewntat,iws in gowr]lment dsOapp*
ciate tl~(’su l)azards al}d Jril 11this rcco~mition bring every coxltitile

RADIOACTIVE FA-
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20, Crotlkilc, 1?. I>., C, 1,. I)llnhnm, D. Critlin. S. I). \lc[’l)orson, and ~ ~

Wo{~(i\vnr(l, ‘rw(,lrc-tilonth lmstcxposllrc surv(,y of the 31arshaUese e~m &
fnllout radintion. I)ro(,khnvell ~:ltic)lli{l ].:loOrlltUry,BXL S84 (1’-71)+ A-
1’,75.

21. Couard, R, A., Il. Caunon, E. E. IIllggins, J. B. Richards, and & ~w’&
M,,dimil snrvey of Marsllallese 2 yeors nf[cr exposure to fallout ra~a~
Br,jokllnven A’ntioljal I,olx)rntory 13Xr. 412 ( 1’-s0) March 1!H3.

-2. Connrd, R. A., et al., ‘1’hrec-year medical sur~ey,
L:iborator _Q,,y,

, .,-.
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llrpres(~r)( n~ i~e IJ(H.II:IFX,II. I tl)iIIl; the commit tcc is ~onsciou~ of
J_our (lwl) .fe(’llllg. on tile fact (Ilat re~:lr(]less of Ilow tills test~onY
conies out III rclatloll to tllc flall~ers of L)OIIILtestln~ at the ra~ the

i
11OVCbeen nladc, tlllt tl)em 1s a tremendous conce!n. aS jo War wit
nuclear wtxlpon.s. lf the consensus of s(ienti[ic optnlon IS that ~em
hns becII np ~ppreci?blo damage in test]n: at the ~ate we have h~
it to date, It :s certaJn]y not to be taken that there ]s tmy less dan&r
from a full-scale nuclear type of nttack ]n wnr.

Am tllcrc aJIy questions of Dr. Cronkite? .,-
Rc])lvselltative ~OJ4E. Yes, hr. ~l~airn)nn, I would like to ask 1 ~r~
Doctor, for my edification, would you ind]cate the difference, if any,

and tile biological consequences in tl]e exposure to cosmic radiation ~
nglinst iission radiation ?

l)r. CRONKITE. I do not thinli tl)cre would PC any qualitative dif.
ference. I think it is purely a nmtt~r of qlumtlty. The cosmic radi~
tion is low, if it were possible to lncrexse t~]e cosmic radiation the
effects to be expected would be tile same M with nny source of rad~.
tion-cxterna] penetrating radintion.

Represclltative COLE. ‘1’hcn it is your un(lerst andi J~g that the result
an(l effect on ~llo anatomy would ~e the mme, whether from cosmic
radi~t.ion or induced or artificial or lissio~l radiation?

I)r. &OXKITE. I believe so, hr. Cole.
Represent at ive ~OLR I~rom what you know of the observations that

have been ma(le as a rcsu]t of the studies of the Jnpanese population,
WI1O:irc ~xposed to rndiat ion from tl~e we:lpons fissiol], did those lessons
vary in nny degree witl~ tl~c lessons and observntiolls t]llt nave resul~d
fr(xn tile h[arshallc,~ people who were exposccl ?

Dr. CROSKrTm ‘I%e oJlly signithnt ditl’crcllcc in tlmresponse is the
.J:~I)anesc were not exposed to fission products de])osited in their en-
~irol~lnellt but to the initial radiation from tile bomb and accordingly
(Ii(] not llavo nny skin burl~s resulting froln radiation. Their skin
burns were tllcrmal in origin.

I ~~olll(l s:ly tll:lt tlwrc is remnrknl~lc correspondence.
Rel)rescntntive Cor.E. I am referring to tl~c IIiroshima and Nagasaki

pw)p]c: not the fisllernlcn.
I )r. CROSKITE. I was referring to t])o IIirosllinlw. and Nagasaki

group. At Hiroshima nnd Nxgasaki tl]e~ were exposed to initial
g~inl]tln rndiat,ion from the bomb. Tile iis;ion pro(iucts were not de-
posited on the ground. SO that the Jnpanese t]lere did not receive
n]ly skin burns due to contacting material. In this respect the Mar-
sll:illrse dii~cr from the Jnpanese because they ]~fl(~a Illixtllre of the
radiation injury produced by the penetrating eompol~ent, of the gamma
rnys from the fission products and by tho direct contact of the ma-
terial on tlie skin with t]]e resu]ting beta burns.

Representative G)I.E. YOI1 concl[l~ed your ~en fine statement with
n r:ltllrr il}lponderal)lc qllrstion, nnd I nm gning”to ask you to suggd
possib]c :i]l~wcrs to tlic (lueslion which you h~ve miscd.

RAD1OACT1YE F.’,

.Jmtilie(i.
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